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The comments made on the draft report entitled "Healy Coal Firing
at the TRW Cleveland Facility” are addressed below.

Usibelli Coal Mine., Inc., Steve W. Denton, July 26, 1981

1. "Out of curiosity, I plotted carbon conversion figures in this
section against grind figures reported in the parametric test
summaries (copy of plot attached). It is interesting to note
that the larger grind runs showed equal, 1if not better, carbon
burn out than for the finer grind runs. Perhaps we should Tlook
more closely at increasing grinder output through a coarser

grind.”

Response: The carbon conversion versus coal grind plot i1s indeed
interesting and shows a definite trend. The trend shows that
carbon conversion increases as the coal grind is made coarser.
In order to better understand the reason for the observed
variation, and 1its consequences, 1t is important to recall how
carbon conversion is calculated from experimental data. Carbon
conversion 1s calculated (see page 48) from carbon losses to the
slag and fly ash. The data also shows (see table 5-7, page 51
for example) that the carbon losses to the slag are much larger
than carbon losses to the fly ash and accordingly, the observed
trends can be understood by apalysis of carbon losses to the slag
only. These losses were calculated for every test by multiplying
the amount of slag recovered (in pounds) by the carbon fraction
in the slag.

The carbon fraction in the slag results from chemical analysis of
slag samples. For the parformance coal, (where most of the data
is available), slag samples and coal sieve analyses are available
simultaneously for only three tests (H23, H36, H40). The
measured carbon content is plotted, for these tests as a function
of coal grind in Figure 5-3 page §3. It is observed that as the
coal is made finer, the average carbon content of the slag
actually increases. This by 1itself woulid contribute to an
increase in carbon losses as the coal is made finer.

The slag recovered also varies with coal grind. The variations
are shown for the performance ccal, in Figure 5~3, page 85. Here
it is seen that the slag recovery increases as tha coal grind is
made finer. Furthermore a 70X through 200 mesh grind or finer
yields slag recovery numbers in excess of 75%. This 1is the
second reason for the observed increase in carbon losses as the
coal size is decreased.

These trends are consistent with our understanding of slag
racovery. A finer coal results in better particle combustion in
the combustor and hence slag recovery is increased. As the coal
is made coarser, the very large char particles are not captured
which yields a decrease in slag recovery. However, these large
particles are oxidized in the furnace so that although the carbon
conversion in the combustor decreases, the overall carbon
conversion is increased as observed.



It can be concluded that for the 34 inch combustor a 70X through
200 mesh coal grind or finer is required to achieve the desired
slag recovery levels. For this coal size, carbon losses were of
the order of 1% which is an acceptable level. A coarser grind
would result in a significant decrease in slag recovery with a
minor 1increase in overall carbon conversion (slag recovery 60%
and 99.5X carbon conversion).

2. "Limestone was added to the coal as a fluxing agent in test
TBR 12 and resulted in a marked improvement in slag capture. The
nature of this test needs to be discussed in more detail in the
text and the potential application of the results to fly ash
injection in the HCCP should be addressed.”

Response: Test TBR 12 did result in improved slag recovery due
to fluxing with l1imestone. However, the slag recovery number for
this test may be artificially high due to the release of slag/ash
accumulations (from previous tests) in the combustor on injection
of the limestone. The results are thus inconclusive.

Department of Eneray, Pittsbyrgh Eneray Iechnoloay Center, Steven
J. Heintz, Auaust 16, 1991

t. "Much of the description of the modifications to the Test
Facility, 1in order to handle and fire Healy coals, i{s marked
proprietary 1information. TRW needs to review if all marked
information 1is properly proprietary and delete any truly
proprietary data. The final report must not contain any

proprietary data.”

Response: Proprietary 1information has been removed from the
report.

2. "On page 4, "“lLoads as high as 3800 1b/hr were demonstrated
using Healy performance cocal.” The corresponding Btu/hr and the
percent of designed combustor heat release rate should also be
included, since the combustor is rated in MMBtu/hr”

Response: This corresponds to a heat input of 30.1 MMBtu/hr
assuming a coal HHV of 7932 Btu/1b. System steam production was
near 25300 1b/hr which included 2100 1b/hr generated by the flash
tank (7% heat loss).

3. "At the bottom line of page 4, NOx emissions ranged from 131
to 270 ppm corrected to 3X stack oxygen (.20-.41 1bs/MMBtu). In
the series tests reported, NOx emissions in ppm is used and there
is no conversion to 1b/MMBtu carried out in the text of the

report.”

Response: The equation to convert NOx from ppm to lbs/MMBtu is
in Appendix C, Equation 20. Furthermore, summary tables have
been modified to 1nclude NOx values in ppm as well as in

T1b/MMBtu.



4. "On page 7 and throughout the report, “TRW entrained coal
combustion system”, “TRW slagging coal combustion technology”,
and "TRW coal combustion system” were interchangeably used. To
be consistent, it is better to use only one.”

Response: “TRW Coal Combustion System” has been selected and is
used throughout the report.

5. "Page 15 is not properly located"
Response: Page 15 is now properly located.

6. “On page 17, "Note that no NOx ports, as shown, are
installed.” NOx ports should be defined in the report because
other terms are normally used such as overfire alir ports, etc.”

Response: To avoid confusion, this statement has been removed
from the text as well as in the corresponding figure.

7. “On page 21, "..., the combustion gas is rich in CO and HW2."
CO may be because of incomplete combustion, why H2? What was the
percentage in the combustion gas?”

Response: Combustion gases contain CO and H2 because under
substoichiometric or fuel rich conditions, no oxygen is available
for further oxidation. CO and H2 measurements were not made in
the combustor during the tests.

8. "On page 30, "The coal was dried to a moisture level of 10-
12%, ..." What was the original moisture content in the coal?
Will the moisture content always be required to be reduced to 10-
12% before firing in the TRW combustor for the designed boiler in
the Healy project?”

Response: The original moisture content of the coal was 23%.
The 10-12X moisture content was limited by the air flow capacity
of the system and the maximum allowable inlet temperature of the
mill. The 10-12% moisture content presented no signicant
problems during the Cleveland testing. S02 monitoring may have
been affected. At this time, it is not known whether the moisture
content will be required to be reduced tc 10-12% in the Healy
project. The higher moisture contents may affect coal
preparation, grinding, and feeding, as well as combustion
performance, baghouse operation, and emissions monitoring.

9. “On page 33, "As fed" coal is referred throughout this
report. What i1s the differance between the term "As fed”™ used in
this report and "As fired” commonly used?”

Response: The terms “As fed” and “As fired" are the same. “As
fed" has been exchanged for "As fired” in the report.

10. “On page 33, "Usibelli Coal Mine, Inc., who also funded
transportion of the coals to the test facility.” The cost of
coal, limestone, and transportation were Healy Clean Coal project



funded. "
Response: Appropriate changes have been made in the report.

11. "On page 34, Table 5-1, why the totals of three out of four
proximate and ultimate analyses are not 100 percent?”

Response: The numbers were checked and the Healy performance
coal average proximate analysis was found to be a 1ittle off.
The corrections have been made. For the TBR coal proximate
analysis, the sum is 100.01 because of round off. The same Iis
true for the TBR ash analysis.

12. “On page 55, carbon conversion. Although a formula was
given for carbon conversion, several questions relating the test
procedure and data acquisition must be asked. How were these
slag and flyash samples collected. How can it be ensured that
these samples were collected at the same time during the test,
not the slag or fly ash generated during eariier boiler tests or
operation? Was there any bottom ash? Was the slag weighed 1n
wet or dry?”

Response: Generally, four samples were taken per test at roughly
30 minute intervals. Slag samples were taken from buckets (wet).

The buckets were used for temporary storage prior to being dumped
intc the slag dumpster. The fly ash was taken from drums used

for storage of the baghouse catch. The samples are assumed to
reflect the given test, and not previous tests, due to the good
ovarall solids balances obtained per test.

13. "On page 64, what is the meaning of "The FCM tests ranged in
slag recovery from 62 to 101x%"?"

Response: Slag recovery values greater than 100X can be obtained
due to randon fluctuations in the slag 1layer. In additien,
determination errors in the coal weight or slag weight may also
result in values greater than 100%.

14. "On page 101, NOx Emissions. Referring back to page 4, what
is the corresponding NOx emissions in 1b/MMBtu?”

Response: The NOx values in 1b/MMBtu have been included in the
summary tables for each test.

15. “On page 108, is there any physical meaning for calcination?
How 1s this quantitatively related to 1imestone utilization? How
were [Ca0], [CasS04), and [CaCO3] chemically determined?”

Response: The physical meaning of calcination is the degree to
which calcium 1in the limestons reacts to form calcium oxide.
Calcium 1in the form of calcium sulfate is also counted since
calcium oxide 1s the precursor to calcium sulfate. Limestona
utilization, however, 1is the degree to which calcium in the
limestone is converted to calcium sulfate.



[Ca0}/56 + [CaS04]/136

Calcination
[ca0]/56 + [CaS04]/136 + [CaC03])/100

[Ccas04]/136

Limestone
Utitization [Ca0]/56 + [CaS04)/136 + [CaC03}/100

The method of determination of [Ca0], [CaS04), and [CaC03] in the
FCM has been included in the report as Appendix E.

16. “On page 12, "Sulfur mass balance did not close while other
mass balance closed well.” 1Is this because of not enough
measurements or wrong kind of measurements?”

Response: Moisture in the stack may have interfered with the S02
measurements. A coating of condensate may have formed on the in-
situ probe, which scrubbed S02 from the flue gas sample as it
passed through the probe to the analyzer. This is why S02 values
measured in tests where no sorbent was injected may have been
lower than calculated values based on sulfur in the coal.

17. "On page 112, the conclusion on S02 emissions is not given.”

Response: S02 emissions were suspect, and thus this section has
been removed.

"~ 18. "On page 113, the TCLP regulatory limit for cadmium is 1.0
MG/L."

Response: The change has been made in the table.

wwww Brent Crowder. August

1. "Please refer to the "Test Procedures for Healy Clean Coal
Project Test Burn at TRW'sS Entrained Combustion Facility in
Clevetland, O©Ohic"”, Rev. 1, Fabruary 20, 199t and address whether
the objectives (a through h) as stated in Section 1.1 therein

were met.

Response: The current objectives were discussed in presentations
made to Stone & Webster the first quarter of 1991, The
objectives concluded at the end of these presentations are

reflected in this final report.

2. "what percent (by weight) carbon was in the slag resulting
from the Two Bull Ridge coal?”

Response: The average carbon content in thé slag for TBR tests
was 2.76x. The average carbon content in the flyash for the TBR
tests was 0.79%. The values are given in Table 5-8 of the
report.



3. "Per page 112, add the paragraph foliowing the last bullet
under “S02 Emissions and Sulfur Balance” to the “Conclusions”,

Section 2.5."

Response: S02 measurements were suspect, and thus not included in
this section.

LU ]

4. "Please define the term "Equivalence Ratio"”.

Response: Equivalence ratio is the amount of air entering the
combustor relative to the amount of air required to oxidize the
coal stoichiometrically.

5. “"Change: “Load 20 Btu/hr" to “Load 20 MMBtu/hr""
Response: The correction has been made in report.

6. "In the first line under "Cooling Loads", change: "heating
value” to "higher heating value" if correct to do so.”

Response: The correction has been made in the report.

7. "According to the Cleveland Test Logic Diagram, Table 1 of
the 2/20/91 Cleveland test procedure, TRW was going to determine
whether fluxing was necessary. Please describe how this
determination was made for the Two Bull Ridge Coal. The first
paragraph on page 64 states that fluxing was tried after
accumulations had formed and that it had 1little influence on
reducing slag thickness, but if fluxing is introduced from the
start, slag accumulation should be preventable. Please provide
the following additional information:

1. Describe the nature (location(s), quantity, and consistency)
of the slag accumulation in the combustor just before fluxing.

2. Provide the 1limestone injection rate (if different than 5
percent of the coal flowrate), the coal flow rate while fluxing,
and the duration of the two fluxing tests.

3, why was ftluxing not introduced before a large accumulation of
slag build up occurred?”

Response: Fluxing was to be initiated if slag tap plugging was a
problem. This was not a problem during the period of performance
coal testing. Fiuxing was used during some TBR coal tests
because of indications of slag tap plugging due to high siag
viscosity and low phi. Slag tap plugging did not occur with the
TBR coal at higher loads and higher phi. Fluxing was also
initiated to see what would happen to the slag/ash accumulations
in the slagging stage. Results were inconclusive because of
short test duration.

8. “"Page 95, Section 5.4.3, Main Combustor Operation, second
bullet: Could this be changed to read as follows? The difference
in exit section heat fluxes between the Healy coal and the Ohio



coal 1is believed to be primarily due to a difference in the slag
T250 values because the slag layers were observed to be
“compietely” meited (glassy), and must have reached the slag T250
values., Assuming the combined convection-radiation heat transfer
coefficient betwesn the combustion gas and the slag fluid surface
would be approximately equal for either coal’s combustion gas,
the lower heat flux for the Healy coal might be attributed to a
smaller temperature difference between the combustion gas and the
higher liquid slag surface temperature due to its higher T250."

Response: Appropriate changes have been made in the report.

9. “Third bullet, last sentence: Could this be addended as
follows? This is because of the large ash accumulations observed
post test for the Healy coals. These accumulations created a
large resistance to conduction between the slag-gas surface and
the tube outer surfaces."”

Response: Appropriate changes have been made in the report.

10. "Page 112, Section 5.4.3.,..., at end of section there is
the following: “In conclustion on SO2 emissions:, complete the
statement or delete.”

Response: The words "In conclusion on $02 emissions:” have been
removed.
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1. ABSTRACT

A test burn of two Alaskan coals was conducted at TRW's
Cleveland test facility in support of the Healy Clean Coal
Project, as part of Clean Coal Technology III Program in
which a new power plant will be constructed using a TRW Coal
Combustion System. This system features ash slagging
technology combined with NO, and SO, control. The tests,
funded by the Alaska Industrial Development and Export
Authority (AIDEA) and TRW, were conducted to verify that the
candidate Healy station coals could be successfully fired in
the TRW ccoal combustor, to provide data required for
scale-up to the utility project size requirements, and to
produce sufficient flash-calcined material (FCM) for spray
dryer tests to be conducted by Joy/NIRO. The tests
demonstrated that both ccals are viable candidates for the
project, provided the data required for scale-up, and
produced the FCM material.

This report describes the modifications to the test facility
which were required for the test burn, the tests run, and
the results of the tests.



2. EXECUTIVE SUMMARY

TRW conducted a test burn of two Alaskan coals in support of
the Healy Clean Coal Project, as part of a DOE Clean Coal
Technology III Program in which a new power plant will be
constructed using a TRW Coal Combustion System. The TRW
system will meter and fire the coal under conditions which
suppress NOx emissions. It will also function in
conjunction with the furnace as a limestone calciner. A
back-end spray dryer will utilize the calcined limestone to
reduce sulfur emissions to the required limit.

The tests, funded by the Alaska Industrial Development and
Export Authority (AIDEA), and TRW, were conducted between
March 29 and June 7, 1991 at the TRW coal combustion test
facility in Cleveland, Ohio. This test facility consists of
a TRW Model 35 coal combustion system integrated with a
29,000 1b steam/hr Keeler boiler. The coal firing capacity
of the facility was increased specifically for these tests
to accommodate the lower heating value of the Alaskan coals.
Improvements in technology and equipment were also
incorporated.

The tests were designed to provide data that will form the
basis of the scale-up and design of the combustor and other
systems for the Healy Clean Coal Project. The tests also
provided calcined material to enable Joy/NIRC to perform
pilot plant tests, planned for September, for design of the
spray dryer system.

2.1 Objectives

The objectives of the tests were to:

1. Evaluate combustion system operation and
performance using selected Alaskan (Usibelli)
coals.

2. Collect a 5-ton lot of flash-calcined baghouse
- catch material (FCM) from the flue gas strean
and prepare for shipment to NIRO in Denmark for
spray dryer tests. Limestone from Alaska was
injected into the combustor/furnace interface.

2.2 Approach

The approach to this project required making necessary
modifications to the test facility, then to conduct a series
of tests on the Healy coals.

Facility modifications were required to handle higher coal
flow rates necessitated by the low heating value of the

2



coals, and to address safety concerns arising from the high
volatility of the coal. Modifications were alsoc made to
prevent pulverized coal agglomeration and/or accumulation
during transfer. This applied to both the pulverizer sweep
air system and to the coal feed transport and recycle
systems. System lightoff methods and precombustor design
were modified to obtain operability and performance
consistent with safe boiler firing practices.

2.3 Accomplishments

The test series:

1. Established facility operations for the Healy coals
(coal preparation system operation and mill
capacity)

2. Evaluated the coals in terms of grinding and
handling characteristics, and combustion and
slagging characteristics.

3. Produced 5 tons of FCM for the Joy/NIRO spray dryer
tests.

Specifically under this program, TRW accomplished the
following:

1. Achieved safe and stable operation of the coal feed
system.

2. Established successful coal preparation, handling,
and feed systems operation on the Alaska coals.

3. Achieved successful precombustor operation.

4. Conducted 10 parametric tests using Healy
Performance coal.

5. Collected 5 tons of FCM in 42 separate runs. The
lot was shipped to NIRO in Copenhagen, Denmark.

6. Conducted 10 parametric tests using Healy
performance coal, and Two Bull Ridge (TBR) coal.

2.4 Results
2.4.1 Facility Operations

During the test program, over 350 tons of Healy coal were
handled by the Cleveland test facility without any
indication of coal smoldering or fires. The coal
preparation and feed systems were operated without any

3



adverse incidents throughout the 10-week period of using
Healy coal. The CO2 inverting system was used only when the
system was idle. Use of the €02 deluge system to quench
smoldering or burning coal was never required.

The capacity of the Kennedy Van Saun (KVS) ball mill was
found to be limited to 0.8 ton/hr, necessitating that tests
be of short duration and/or be conducted at reduced lcads.
This indicated a Hardgrove Grindibility Index of 25
according to KVS. High erosion characteristics during
transport were observed for the Healy coal as compared to
Ohio coal.

Coal flow rates as high as 3800 lbs/hr were demonstrated
using Healy performance coal. This corresponds to a heat
input of 30.1 MMBtu/hr (million Btu/hr) assuming a coal HHV
of 7932 Btu/lb. System steam production was near 25,300
lbs/hr which included 2,100 lbs/hr generated by the flash
tank (7% heat loss). Operation during the test program
demonstrated safe and stable operation of the coal feed
system including:

« Safe storage of pulverized coal in the surge bin
which was used as an accumulator

*» Controllable coal flow rate and split

. Smooth, repeatable light-offs during all of over 80
tests

. Prevention of coal agglomeration and accumulation
in the coal transport lines.

2.4.2 Precombustor and Main Combustor Operation and
Performance

The tests with the Healy performance coal established the
operational characteristics of the precombustor and
combustor. Stable precombustor operation was achieved with
a precombustor coal flow rate of up to 1500 lb/hr. Slag
recovery efficiency was excellent, with most of the tests
falling in the range of 80 to 90%. The slag tap remained
open and free-flowing under all combustor conditions tested,
down to as low as 12.5 MMBtu/hr (3 to 1 turndown). There
was evidence of ash accumulations at the head end of the
main combustor and in the exit of the precombustor.
Although the accumulations were cleaned out after intervals
of six or seven tests to reduce pressure drop, the
accumulations did not appear to adversely affect combustion
performance. There were also accumulations of slag in the
slag recovery section exit and accumulations of ash in the
furnace. These accumulations can be expected to be greatly
reduced at Healy due to higher preheat temperatures, larger
combustor size, and higher load operation without frequent

shutdown.



Carbon losses were low (averaging 1.14% of the total input
carbon), with 0.07% lost out the baghouse and 1.07% lost out
the slag tap. NOx emissions ranged from 131 to 270 ppm
corrected to 3% stack oxygen (0.20 - 0.41 lb/MMBtu).

Solids balances measured on the FCM collection tests were
excellent and repeatable to within 10% of closure, giving
increased confidence in the slag recovery efficiency and
carbon loss results.

The heat absorbed by the combustor was 6 to 13% of the heat
input, dependent primarily upon combustor load.

The temperature of the combustion gas exiting the furnace
was measured with a high velocity thermocouple (HVT) probe.
Furnace exit temperature ranged from 1900 to 2200'F over a
load range of 25 to 31 MMBtu/hr.

The flash-calcined material collected for the Joy/NIRO tests
was analyzed for level of calcination (percentage of calcium
carbonate that oxidized to calcium oxide). Calcination
ranged from 50 to 90%. Calcination for the first 11 FCM
collection tests was lower (50 to 60%) than for the last 31

FCM tests (80 to 90%).

The tests with the Two Bull Ridge ccal showed slightly
decreased combustor performance as with the Healy
Performance coal. Carbon losses were similar, as well as
NOx emissions. CO levels were higher. Slag recovery was
less due to the higher T,, of the TBR coal.

2.5 Conclusions

The Healy coal test burn demonstrated that the Healy
performance coal and the Two Bull Ridge coal can be
effectively burned in TRW's coal combustion system. The
coal was handled, pulverized, and fed safely and reliably in
the Cleveland test facility coal preparation and feed
systems. Good to excellent combustion performance was
achieved with both coals as inferred by carbon losses. Slag
capture was excellent with the performance coal (85%). Slag
capture with the TBR coal was less (45%). This is
attributed directly to the higher T,, (2900 vs 2750 ‘F) of
the TBR coal. The larger combustor size and higher preheat
temperature (650 vs 400 F) which will be present at Healy
will accommodate the TBR coal. Low NOx emissions was also
demonstrated. Finally, the tests demonstrated that FCM for
the Joy/NIRO spray dryer SOx capture system can be produced
by the TRW Coal Combustion System using Alaska coal and

limestone.



3. INTRODUCTION

The Healy Clean Coal Project (HCCP) is a joint project of
the Alaska Industrial Development and Export Authority
(AIDEA) and of the U. S. Department of Energy (DOE). An
advanced coal-fired power plant will be constructed in
Healy, Alaska. In this project, TRW Coal Combustion System
will interface with a Foster Wheeler boiler, and a back-end
spray dryer supplied by Joy/NIRO will utilize flash-calcined
limestone to control sulfur emissions.

Technical issues associated with the design and operation of
the coal combustion system include:

+ Effects of coal properties
+ Two-phase flow cooling of the combustor shell
+ Scale-up from Mcdel 35 combustion system

An approach has been taken which mitigates the risks
associated with each of these issues. In particular, for
the issues which relate to the effects of coal properties
and scale-up, the decision was made to conduct a series of
tests at TRW's Cleveland test facility using Healy coals.

The properties of Healy coals are typically low in sulfur,
high in volatiles, high moisture, high ash content, and high
ash T,,. Coals with this combination of properties, and the
ensuing low heating value, had not been tested before in the
TRW Coal Combustion System. Accordingly, the first goal of
the test series was to obtain operational data.

. The high volatile content is advantageous from a
combustion view point, but it increases the hazards
associated with handling, preparation, and feeding.

. The high ash content and high T,, affect primarily the
slagging and slag tapping characteristics of the
combustor and the heat rejection to the cooling system.
The operating conditions are also affected, in
particular, the required coal flow split between the
precombustor and the main combustor as well as the main
combustor eguivalence ratio.

The second goal was to conduct a series of tests with
representative Healy coals to establish a database to be
used for scaling to 350 MMBtu/hr during the design phase of
the Healy Clean Coal Project.



At the same time, flash-calcined material (FCM) would also
be produced using an Alaskan limestone. The FCM sample
would be later used by Joy/NIRO during pileot plant tests.
The results of these tests would be used by Joy/NIRO during
the design of the Healy back-end clean-up system.

The project team participating in the Healy Clean Coal
Project includes AIDEA; DOE; Golden Valley Electric
Association, the Healy power plant owner; Usibelli Coal
Mine, Inc., the coal supplier; TRW, the coal combustion
system supplier; Foster Wheeler Energy Corporation, the
boiler supplier; Joy/NIRO, the spray dryer system supplier:;
and Stone and Webster Engineering Corporation, the project
architect/engineer. The project team participated in the
test burn by reviewing test plans and procedures, supplying
coal and providing storage advice (Usibelli), being on-site
during tests (Stone and Webster, Joy/NIRC), and receiving
test data and solid samples.

3.1 OBJECTIVES
- The objectives of the Cleveland tests were to:

1. Evaluate TRW Coal Combustion System
performance at reduced scale using selected
Alaskan ccals. Data obtained were:

Coal grindability

Pulverized coal handling/safety
Coal feed system operations
Combustion efficiency

Slag removal efficiency
Combustor cocoling loads

NO, emissions

Furnace temperatures

Flyash characteristics
Limestone calcination

2. Collect 5 tons of flash-calcined material
" (FCM) from the flue gas stream by injecting
limestone from Alaska into the
combustion/furnace interface. The FCM
cellected by the baghouse would be packaged for
the Joy/NIRO spray dryer test work at NIRO's
test facility in Copenhagen.

3.2 APPROACH

The overall approach for the test burn was to test the
selected Healy coals at TRW's Coal Combustion System Test

Facility in Cleveland, Ohio.



The steps taken to conduct this test burn were to:

1.

2.

Procure the Healy coals from Usibelli Mine, Inc. in
Alaska and transport to a store near the test facility.

Modify the Cleveland Coal Combustion System Test
Facility as required to perform tests on Healy coals.

Perform tests designed to provide the data and the FCM
sample as described in the objectives.

Analyze the test data and prepare the final report.



4. CLEVELAND FACILITY

4.1 Description of Cleveland Facility

The TRW Coal Combustion System Test Facility is located
in the Argo-Tech manufacturing plant in Euclid, Ohie. The
facility was originally owned by TRW, and then sold to Argo-
Tech. The test facility is currently leased and operated by
TRW. The test facility is a commercial application of the
combustion system, instrumented for testing. It provides
process steam to the manufacturing plant during operation.

The manufacturing plant originally received steam from
three stoker-fired watertube Keeler boilers. These boilers
were converted to oil and gas operation in the late 1960's,
then mothballed in the 1970's. In 1985, Unit No. 3 was
converted to fire pulverized coal using the TRW coal
combustion system. The combustor/beiler unit, rated at
29,000 1b/hr, produces saturated steam at 100 psig. It
presently operates under an Chio EPA permit for sulfur
dioxide and nitrogen oxide and has burned a wide range of
coals; low, medium, and high-sulfur bituminous, low-volatile
low-sulfur anthracite, and low=-sulfur, high-volatile, high-
ash subbituminous coal. These coals have featured a T,
range of 2300 to 2850 F.

The facility consists of the coal preparation and feed,
limestone feed, combustor, boiler, and auxiliary systems.
Figure 4-1 is a plan view of the Cleveland facility.

4.1.1 Coal Preparation and Feed Systems

Coal up to 1 1/4 inch x 0 inch size was received by the
TRW test facility and pulverized to a nominal 70 to 80%
through 200 mesh, transported to a surge bin, and fed to the
combustor system. Figure 4-2 shows a schematic of the
system.

The coal preparation system includes a KVS ball mill
with gas-fired sweep air to dry and carry the coal to the
surge bin. The as-received coal moisture content was 23%.
The coal was dried to a level of 10-12%. The drying process
was limited by the air flow capacity of the system and the
maximum allowable inlet temperature of the mill. A
classifier with a return leg to the mill allows control of
coal particle size distribution. A baghouse separates fines
from the sweep air stream; the fines are continuously added
back to the coal in the surge bin. For the Healy coal
tests, the existing CO02
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inverting system was upgraded and a deluge system installed
for fire prevention and quenching. A CO monitoring system
was implemented at the baghouse exit to indicate presence of
coal smoldering or fires.

The coal feed system includes a surge bin with
vibrating bin bottom to assure coal availability from the
bin. The surge bin collects pulverized coal from the coal
preparation system. It provides the capacity which allows
for separate control of pulverizer output and coal feed to
the combustor system. The surge bin was also used as an
accumulator on the Healy coals.

The surge bin supplies coal to a drag-chain-type feeder
which controls and meters the coal flow. An adjustable
splitter divides the coal flow into two streams, one to the
precombustor, the other to the main combustor. The coal is
transported to the combustor, located 200 feet away, via
carrier air at an air-to-fuel ratio ranging from 0.5 at
light-off to 1.5 for the Healy tests.

12



4.1.2 Limestone Feed System

Pulverized limestone was used in the TRW Coal
Combustion System for sulfur capture or fluxing to control
the T250 of the ash. Limestone is received at the plant
preground to the size required (at least 70% through 200
mesh). Limestone is stored on site in bags or in 30-ton
tanker trucks. In operation, the limestone is transported
pneumatically to a 4~ton storage tank with a vibrating bin-
bottom which supplies the drag-chain-type weigh feeder with
a smooth, steady supply of limestone (Figure 4-3). The
weigh feeder monitors and controls the limestone flow rate.
The flow stream can be split with an adjustable splitter.
The limestone drops through the splitter into two eductors.
Carrier air transports the limestone through 1-1/2 inch
lines to the limestone injectors and/or the fluxing line.
This system is very similar to the coal feed arrangement.

Figure 4-4 shows two injection locations available for
sulfur capture: the centerline injector and/or the
peripheral nozzles. The centerline injector is installed in
the back wall of the combustor exit duct leading to the
" boiler, on the centerline of the duct. The peripheral
nozzles are eight egually-spaced nozzles located around the
periphery of the secondary burner. For the Healy tests, the
FCM collection tests were conducted with the limestone
injected through the centerline injector, except for one
test in which the limestone was injected through the
nozzles. Previous tests on bituminous coal with sulfur
content ranging from 1 to 3% demonstrated that for high~
sulfur coal, splitting the limestone flow equally between
the two injection options gave the optimum sulfur capture.

Limestone was used to flux the ash in two tests on the
Two Bull Ridge coal. During these tests, limestone was not
used for sulfur capture. To that effect, limestone was
injected into the main combustor coal feed line upstream of
the coal injector. The limestone flow rate for fluxing was
about 5% of the coal flow rate. No problems were
encountered with the operation of the fluxing system nor the
combustion system during fluxing.

13
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4.1.3 TRW Coal Combustion System

The TRW Coal Combustion System includes a precombustor
and a main combustor as shown in Figure 4-5. A photograph
of the installation is included.

The precombustor provides high-temperature air to the
main combustor for ignition by burning 25 to 50% of the coal
stoichiometrically, then mixing with the remaining first
stage air. Mounted tangentially on the main combustor, the
precombustor is a water-cooled refractory lined cylinder
approximately one-fourth the size of the main combustor.
Coal is injected axially along the precombustor centerline.
The remaining first stage combustion air is added to the
precombustor exhaust gases. These hot gases then enter the
main combustor, forming a swirling flow pattern.

With the hot gases from the precombustor, the balance
of the coal is injected into the main combustor which
operates in a substoichiometric, slagging mode. Combustion
stoichiometries from deeply sub to complete can be used.

The main combustor is a water-cooled cylinder inclined at a
' 15" angle towards the slag tap with a tangential air inlet
and a centered exit baffle. The tangential air inlet and the
baffle promote proper mixing and an internal vortex flow
pattern for rapid combustion (Figure 4-6). The coal
injector, located at the head end, injects coal in a conical
pattern axially along the main combustor centerline.
Multiport injectors have also been successfully used.

Fifty to seventy-five percent of the coal is injected
intc the main combustor where it is entrained by the hot,
swirling combustion air from the precombustor and burned in
flight. Ash contained in the coal is converted to molten
slag and centrifuged to the combustor walls, forming an
insulating slag layer. The fluid slag flows by gravity down
the main combustor to the slag tap, and then into the water-
filled slag tank where it is quenched, and fractured into
pebble~sized particles. The slag is removed from the slag
tank with a drag chain conveyor and dropped into a bin for
disposal (Figure 4-7).

16
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FIGURE 4-5. TRW COAL COMBUSTION SYBTEM
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FIGURE 4-7. SLAG REMOVAL WITH DRAG CHAIN CONVEYOR
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The hot combustion gases enter the slag recovery
section which provides additional residence time for
combustion and additional slag recovery. When the main
combustor operates at substoichiometric (fuel=-rich)
conditions, the combustion gas contains CO and H2. The
gases are ducted to the furnace via a water-cooled duct.
Secondary air is added at the interface of the furnace so as
to yield a stoichiometry in the range 1.1 to 1.4. The
secondary air is introduced through an annulus in the
windbox surrounding the combustor hot gas duct. Combustion
is completed in the boiler's furnace.

4.1.4 Boiler System

The Keeler boiler is divided into furnace and convective
sections as shown in Figure 4-8. The exit of the TRW
combustor interfaces with the boiler at the front face of
the furnace section. The furnace section of the boiler
(only 40% water-cooled) is refractory-lined, providing a hot
combustion zone. The convective passes of the boiler cool
the gases to 500 to 700'F prior to entering a tubular air

- preheater, which preheats the combustion air to a maximum of

430'F.

The boiler is a balanced-draft system with forced and
induced draft fans. The balance point is located inside the
boiler. A baghouse with Gortex bags removes particulates
from the gas stream before exhausting out the stack.
Emissions (sulfur dioxide (S0,), nitrogen oxide (NO), carbon
monoxide (CO), and oxygen (0)) are nmonitored continuously
at the stack using in-situ analyzers. SO, and NOx are
measured by a Lear-Siegler instrument using second
derivative spectroscopy. A zirconium oxide analyzer
measures O,, and an infra-red absorption analyzer measures

co.
4.1.5 Auxiliary Systems

The combustor is cooled by pressurized sub-cooled water
which is flashed to steam in a flash tank. The pressure in
the cooling jackets is near 650 psig. The flow rate of the
combustor cooling water and its temperature rise is measured
to determine combustor heat absorption.

The operation of the combustor and boiler systems are
controlled and monitored by a computerized distributed
control system. The control room contains two computer
modules and a printer. The system is customized for the

20



FIGURE 4-8.
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TRW combustor and includes alarms as well as automatic main
fuel trips to shut down the combustor in the case of
potentially hazardous conditions.

Three types of data can be retrieved from the system:

1. Instantaneous conditions of the system.

2. Current trends of up to six measurements.

3. Historical trends of measurements.
4.2 Facility Modifications for the Healy Test Burn

The Healy test program could not have been conducted
without making a number of facility and equipment changes to
the Cleveland Test Site. Many of these modifications were
required to deal with the large change in Healy coal
properties compared to other coals which the facility had
been recently handling. Modifications were needed to:

. handle higher coal flow rates necessitated by the
low heating value of the coal.

. address safety concerns arising from the high
volatility of the coal.

A number of issues pertaining to system cperation and
performance had been carried over from previous test
activities. Additional modifications were required to:

. resolve coal feed control problems.

. provide a high level of system lightoff
reliability.

. improve system performance.

The installation of a new coal feed system had been
undertaken prior to the implementation of the Healy test
burn. Upgrading of the system.,was required to meet Healy
requirements.

A brief description of each of the modifications at
Cleveland prior to the Healy test burn and the reason for
their implementation is presented in the following sections.
4.2.1 COAL PREPARATION SYSTEM

4.2.1.1 System Safety

22



Because of the high volatility of the Healy coals,
provisions for fire prevention and fire fighting were
installed in the coal preparation plant. CO2 was used for
inverting and was available for suppressing smoldering or
fires if required. Water was available for use as a last
resort. CO and temperature levels were monitored to
determine system status. Steps taken to improve cocal feed
control and to control relative humidity also improved

safety.

. C02 inverting

Additional lines for flowing €02 gas from the existing Co02
dewar system were installed in strategic locations for
inverting the system after shutdown.

. CO2 deluge

An emergency high pressure C02 deluge system was installed
for immedlately backfilling the entire system. Activation
required pulling a single handle outside the building in the

event of an emergency.

. Water lines

" Water lines with connections for attaching a flexible water
hose were installed to strategic equipment in case of need
for fighting a fire and/or coal smoldering.

. Sample system
Sample lines and a continuous monitoring system were
installed for constant monitoring of CO and €02 in the

systemn.
4.2.2 Coal Feed System
4.2.2.1 Pulverized Coal Surge Bin

Increased cocal storage capacity was needed in the surge
bin. A larger (3000-1lb capacity) surge bin was installed. A
vibrating bin-bottom (provided by Vibrascrew) was also
installed to assure a stable flow of coal to the weigh
feeder. The bin~bottom was enclosed inside the tank
providing a unit meeting the NFPA 50-psig design pressure
requirement. €02 inverting was continuously maintained in
the dead space between the bin-bottom and tank walls. The
tank interior was inverted only when the system was off for
more than several hours. Coal was left in the surge bin

only when necessary.

. Structure modification

The existing mounting structure was changed to contain and
support the larger/heavier surge bin. Personnel access
grating, etc., was modified as required.

23



. Indicators

A new vertical mounting arrangement for the indicators used
to monitor the coal level in the surge bin was installed.
The existing electrical wiring/DCS logic arrangement was

used.

. Bin-bottom vibrator

A second vibrator was added to the bin bottom. The bin-
bottom vibrators required removal for adjustment. Setting
the new and or original vibrators at different outputs
provided three available vibration levels by switching one,
the other, or both units on, without the need to remove the
vibrators for adjustment. The lowest available level of
vibration provided the best coal flow stability and was used
during the test series.

. Atmospheric vent

The existing vent to the sweep air system was removed. A
new atmospheric vent to ground level outside the ccal
preparation building was installed. This vent was open
during most of the testing.

4.2.2.2 Weigh Feeder/Splitter/Transport/System

A Vibrascrew mass weigh system enclosed in a safety
vessel meeting the NFPA requirements had been installed
prior to Healy. It provided sufficient ocutput to meet Healy
requirements. C02 inverting was continuously maintained
within the safety vessel. Changes to the feeder were made
to improve its performance. A new enlarged splitter
assembly was required.

. Coal sample port

A pipe and valve was installed for sampling pulverized
coal immediately below the isolation gate valve positioned
between the surge bin and feeder.

. Exit transitions

New upper and lower feeder exit transitions were made with
steeper sides to prevent ccal accumulations on their
surfaces. Small coal accumulations had affected the weigh
feeder load cell reading. This reading provided system
stability as well as coal density data.

. Feeder drag chain

Metal drags of larger cross section were installed on the
drag chain to increase the area of the feed channel swept by
the drags. Drag chain speeds up to 25 ft/min appeared to
provide stable coal flow without this modification.
Incorporating the change provided stable flow at the maximum
speeds of 40 ft/min required during the Healy test program.

24



. Feeder inlet box
Shrouds previously employed within the feeder inlet box to
help assure coal supply to the drag chain were eliminated.

. Splitter/eductor assembly

A larger splitter/eductor assembly was designed, fabricated,
and installed. The assembly included new three-inch and
four-inch Fox Eductor Assemblies. Three sets of different--
sized nozzles were available. Changing nozzles had little
effect.

. Transport Lines

New carbon steel schedule 80 three and four inch lines were
installed for conveying precombustor and main combustor
coal, respectively. The transport lines required about 5.5
equivalent 90 degree bends and over 200 feet of length.
Approximately the last 30 feet of both lines was stainless
steel. All bends were short radius flanged at both ends for
quick access for line inspection and/or clean out. Coal
coating in the lines never exceeded a very light dusting
after relative humidity control and grounding was provided.

The end of the main combustor line was initially
installed at a 45 degree angle from plant ceiling to floor.
This was changed to vertical after a large deposit of coal
was found at ground level in the line.

A connection was provided in the main combustor recycle
line for discharging coal to a guppy storage system. A
return line was installed for returning coal from the guppy
to the surge tank. The need for these lines was later
negated by a decision not to use the guppy systen.

. Diverter Valves

Special three-way air-operated ball valves were installed to
divert coal flow from recycle to firing. The valves were
returned to the recycle position after shutdown. These
valves retain constant flow area at all ball orientations.
The air operators were modified to require only a few
seconds transition time from the recycle to the firing
position. This minimized coal accumulation at the valve
during the transition period. The shortened time provided
very smooth lightoffs.

. Fire Valves

Special two-way air-operated ball valves were installed as
fire valves. Each valve was opened prior to cycling its
corresponding diverter valve. This technique assured that
carrier air flow was never intermittently combined with
coal. This avoided intermittent flame failure at light-off
which had previously been a problem.

25



. Back Purge

An enlarged back purge air supply system was required to
supply sufficient flow to adequately clean the transport and
recycle lines during back purging. Back purge operations
were carried out first through the precombustor transport
line, splitter assembly, and the main combustor recycle
line. Both diverter valve positions were then reversed and
the procedure performed through the main combustion
transport line, splitter assembly, and precombustion recycle

line.

4.2.3 Limestone Feed System

The Vibrascrew limestone feed system already installed
did not require any modification for this program. Catch
and weigh calibrations were run tc assure the accuracy of
the limestone flow at the low flow rates required (less than
1 pound per minute). This system has delivered rates as
high as 25 pounds per minute.

. Limestone centerline injector

A new water-cooled limestone centerline injector with a
thermal expansion compensation jeint was installed. The
previous injector, designed without compensation, had
distorted and failed.

. Limestone fluxing

A Y-joint connection for injecting limestone into the main
combustor coal transport line for fluxing was installed
downstream of the fire valve. Connecting plumbing from the
existing system to the fluxing line shutoff valve was added.
A two-way splitter and eductor system was already available.
This permitted injecting limestone into the burner throat
and fluxing at the same time. Fluxing was not used while
making baghouse catch product for NIRO.

26



4.2.4 Flue Gas/Fly Ash Systens

The fly ash from the Healy test burn was handled
without making major modifications to the system. A method
for dumping all the sorbent collected from each test into
barrels was devised. A special attachment for conducting
the material from the fly ash silo into the barrel was
installed. The barrels were sealed after filling and
shipped to NIRO.

The water content of the flue gas was higher than
previously experienced. The coal was dried to a moisture
level of 10 to 12%, not the normal operating level near 2%.
No baghouse operating problems were experienced as a result
of the higher moisture content of the flue gas. Problems
with deposits in the stack emissions monitoring equipment
did require attention. The equipment was checked out and
cleaned by Spectrum Systems during the program.

At the outset of the Healy test burn, an unusually high
pulse rate was accidently imposed on the baghouse. This
cleaned the bags to where some of the very fine fly ash bled
" through creating a stack plume. Reducing the pulse
frequency by adjusting/repairing the timer control system
resolved the problem. Each row of bags was pulsed at a
uniform period of one minute between rows. A similar
practice is also used by NIRO to maximize cake uniformity on

the bags.
4.2.5 Combustor System

A number of modifications were made to the head-end of
both the precombustor and main combustor in order to
accommodate the larger-sized coal injectors required.
Centerline coal injection was used at both locations.
Provisions were incorporated to allow changing the depth of
the location of coal injection relative to the head-end.

. Precombustor injector

The precombustor injector was a pipe of the same diameter as
the precombustor coal transport line. Windbox equipment
within the precombustor surrounding the injector had to be
modified to accommodate the larger pipe. Various flame
holding arrangements were tried until a system was found
which could adequately attach the coal flame despite a
nearly two-~fold increase in cold carrier air present.

The coal flame scanner was relocated so that
readjustment by the operator during lightoff was never
required. Prior positioning had occasionally resulted in
the generation of an erroneocus coal flame signal if the
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flame scanner picked up the gas ignitor flame.

The ignitor acted as an excellent source of
stabilization, however, the goal was to operate with the
ignitor off. Flame-holding without the ignitor was
verified, however, much of the test program was conducted
with the ignitor on.

The injector was mounted so that different length
sleeves mounted and sealed between bolted flanges could be
used to change the depth of the location of coal injection.
The location of injection relative to the plane of the
precombustor throat proved to be important. The coal supply
pipe was extended about six feet straight out in front of

the injector.

. Main combustor injector

- A pintle-type injector was used for the main combustor. The
existing hot sleeve was used as the outer sleeve within
which the coal/carrier air flowed. The end of the sleeve
required a redesign and repair of cracks which would have

" resulted in cooling water leakage. The hot sleeve was freed
from the headend plate prior to the start of testing.

The pintle deflector, or wear ring, used to divert coal
flow outward was replaceable. Replacement of this piece was
necessary during the program because of the very high rate
of erosion noted with the Healy coal.

The injector arrangement was also designed so that
sleeve extensions mounted and sealed between bolted flanges
could be used to alter the depth of the location of the coal
injector. The injector was moved from a two-inch depth to
as much as eight inches during the test programn.

The coal entrance to the injector was changed at the
start of the program from vertical down to sloped upward.

. Slag tap

A special plate containing a restrictive slag tap had been
removed during earlier testing. A special dipper skirt
arrangement incorporating tiles extending from below the
water to the bottom side of the plate had been installed at
the same time as the plate. These tiles had deteriorated
and required replacement to prevent dipper skirt over-
heating. It was noted that the tiles contained numerous
vertical cracks which allowed the tiles to crumble and fall

inward.

New tiles were installed in two sections with a saw-
break two inches below the normal level of water on the
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dipper skirt. Retaining bands were welded in place in
locations where contact with slag could be avoided. The saw
cuts reduced the stress levels in the tiles. No case of
dipper skirt overheating due to tile failure was noted
during the progran.

4.2.6 Distributed Control System

The recycle, lightoff, and back purge system changes
required that logic revisions be programmed into the
Westinghouse DCS. New control and data display stations
were created. A ramping station was added for control of
the coal feeder speed. A fully automatic system for
controlling air and fuel changes over the load range from
lightoff to full load was programmed but not implemented.
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5. TECHNICAL DISCUSSION

5.1 Coal Types and Properties/Implications

The Healy coals are subbituminous ccals with high moisture,
high ash content, and high volatility. The ash also has a
high T,,, the temperature at which the ash flows with a
v1sc051ty of 250 poise.

Coals with this combination of properties had not been
tested before in a TRW coal combustion system. The high
moisture was a concern for handling, drying/pulverization,
and feeding the coal as well as combustor performance,
baghouse operation, and emissions monitoring at the stack.
The high ash and high T,, was a concern for slagging
characteristics and slag recovery efficiency. The high
volatility is beneficial for combustion, but posed safety
concerns in storing and pulverizing the coals, and feeding
the pulverized coals to the combustor.

Two coals were selected for this test burn series: the

~ Healy performance blend and Two Bull Ridge coal. The coals,
both candidate station coals for the utility project, were

supplied by Usibelli Coal Mine, Inc.. Two other coals were

also supplied to the test burn project by Usibelli but were

not tested. These were waste coal and run-of-mine coal.

The Healy performance coal is a 50-50 blend of run-of-mine
coal, and waste coal. The run-of-mine coal has a lower T,
and is currently sold to overseas customers. The waste coal
has a higher 7T,.,, and currently has no market. The reason
for blending these coals is to yield a technically viable
coal at a reasonable price. The Two Bull Ridge (TBR) coal
is a low-grade seam coal, from a seam from which Usgibelli is
not currently producing. This coal is another potentially
low-priced fuel for the Healy power plant.

As fired analyses of the two coals are given in the
following table. The analyses are averages of a number of
samples taken after pulverizing, from a sample port in the
surge bin of the coal feed system. The performance coal
analysis is an average of 22 samples, the TER analysis is an
average of 8 samples. The ultimate and proximate analysis
and the mineral analysis of the ash of each coal sample are
presented in Appendix A, Tables Al & A2.

The summary table shows that the performance coal was dried

to about 11% moisture for these tests. The as~fired ash
content was 20%, heating value about 8000 Btu/lb, and the
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‘fable 5-1. Average Analysis of As-Fir=d rgal

Average of Healy Average of
Performance Two Bull Ridge
Coal Analyses Coal Analyses
PROXIMATE
% Moisture 11.00 9.82
% Ash 20.63 27.32
% Volatile 39.24 38.20
% Fixed Carbon 29.13 24.67
Btu/lb 8047 7358
ULTIMATE
% Moisture 11.00 9.82
% Carbon 47.81 43.50
% Hydrogen 3.62 3.41
% Nitrogen 0.77 0.76
$ Sulfur 0.33 0.36
% Ash 20.61 27.32
% Oxygen 15.86 14.83
ASH
ANALYSIS
§ Sio2 61.62 58.05
% Al203 14.46 21.1M
% Tio2 0.64 0.95
% Fe203 4.53 3.78
&% Ca0 9.92 6.28
$ MgOo 1.76 1.62
% K20 1.74 1.96
% Na20 0.70 0.14
% SO3 3.31 3.16
% P405 0.17 0.14
% Sr0 0.10 0.07
% Ba0 0.23 0.27
% MnoO 0.16 0.15
Undetermined 0.64 1.73
T250 2692 2876
(Calculated)
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was about 2700°'F. The TBR coal was dried with the same
mfil conditions to a lower moisture content at about 10%.
The as-fired ash content was higher at 27%, heating value
lower at about 7400 Btu/hr, and the T,, was higher at about
2900'F, due to different constituents in the ash. The
volatile content and sulfur content were comparable for both

coals.

As will be discussed subsequently, the coal preparation
system (mill) also imposed limitations as a result of the
low grindability of the coal. Consequently, performance
data as well as FCM collection data were acquired during
tests of limited duration. The maximum duration for these
tests was about 3 hours as limited by the capacity of the
coal feed system surge bin which was used as an accumulator.

5.2 Limestone Types and Properties

Two Alaska limestones were available for use during Healy
testing. They were Cantwell limestone which came from a
previously unmined quarry, and Cantwell dolomite limestone
which came from a previocusly mined quarry. Chemical and
"~ physical properties for each limestone are given in the
following table. It indicates that the Cantwell limestone
is much richer in calcium carbonate (90%) than the dolomite
limestone (60%). For Healy testing, only the Cantwell
limestone was utilized. This was because it was thought
that the Cantwell limestone would generate a more suitable
type flyash material for NIRO's pilot plant tests.

5.3 Test Description

The tests for the Healy test burn were conducted between
March 29 and June 7, 1991 at the TRW Coal Combustion System
Test Facility in Cleveland, Ohio. Over 350 tons of Alaska
coal were burned during these tests.

Three types of tests were conducted: coal grindability
tests, parametric tests, and FCM sample collection tests.
The test series was designed to:

1. Establish facility operations (coal preparation
system operation and mill capacity).

2. Evaluate the coals in terms of grinding and
handling characteristics, and combustion and
slagging characteristics.

3. Collect 5 tons of FCM for the Joy/NIRO spray dryer
tests.
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Table 5-2. Sorbent Types and Properties

o Type Cantwell Limestone
Limestone Dolomite
o Chemical, wt, %
CaCo3 90,71 57.14
MgCo3 5.04 36.69
Insolubles 4.71 5.90

¢ Physical, X passing #

Mesh

50 95.16 98. 71
100 92.55 95.73
140 89.81 93.51
200 79.34 80.29
270 69.85 73.97
325 48.186 68.92
400 N/A 81.92
500 0.00 0.00

* - the size analysis was determined by the wet sieve process
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5.3.1 Grinding Tests

Several tests were conducted using the performance coal to
determine coal grindability and maximum capacity of the
Cleveland facility ball mill. The following parameters were

varied:

. Ball level in mill
. Classifier setting
. Mill outlet temperature

For these tests, less than one ton of coal was pulverized,
then fired in the combustor. A sieve analysis on pulverized
coal samples taken from the surge bin during each run was
performed to determine coal particle size distribution.

With the database established for the performance coal, only
a few tests were needed for the TBR coal to determine
grindability and mill capacity. The results showed similar
behavior for the two coals. The results are discussed in

section 5.4.

5.3.2 Parametric Tests
Test Procedures

Since the minimum test load selected for parametric tests
was higher than the maximum capacity of the mill, the surge
bin was used as an accumulator and the test duration was
limited to a few hours. The tests were performed as

follows:

1. Coal was pulverized and stored in the surge bin
until the surge bin level indicators read 100%

full.

2. The precombustor and main combustor were started at
light-off conditions, then ramped up to the
selected load as quickly as possible. This ramp-up
averaged 20 minutes. Once load was reached, the
test began and data was recorded.

3. A set of distributed control system (DCS) diagrams
were printed every 30 minutes after the test
started detailing the combustor operating
conditions.

4. Gas samples were monitored continucusly during each
test.

5. Coal samples were taken during each test for
analysis. The samples were taken at the bottom of
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the coal surge bin as shown in Figure 5-1. Four
samples were taken for each test.

6. Slag flowing from the combustor was removed by the
drag chain conveyor and dumped into buckets for
temporary storage prior to being emptied into the
slag dumpster. Slag samples were taken from the
buckets (wet) during each test for analysis. A
weigh scale was located under the dumpster.

7. Flyash material was continuously trapped in the
baghouse. It was transferred to a flyash silo as
shown in Figure 5-1. The flyash material was then
dropped into 55 gallon drums for storage. Flyash
samples were taken from the drums for analysis.
Four samples were taken for each test. Total
flyash weight for each test was the net weight of
the filled drum.

8. The test continued until the surge bin accumulator
emptied of cocal and a main fuel trip (MFT)
occurred. The test ended on the MFT.

9. The raw test data was copied and sent to project
team members (Stone and Webster, Golden Valley
Electrical Association (GVEA), and NIRO). The test
data originals were sent to the TRW project office
in California for analysis.

10. Samples were sent to Commercial Testing &
Engineering for analysis: ultimate and proximate
analyses, and mineral analysis of ash. Duplicate
samples were sent to NIRO and GVEA.

Performance Coal.

Ten parametric tests were conducted using the Healy
performance coal (tests H13 through H18). The conditions
and results of these tests are summarized in Table 5-3,
Complete data is presented for each individual test in
Appendix B.
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Load
Coal Grind

Coal Flow Split

Main Combustor

The conditions for these tests ranged as follows:

20 - 31 MMBtu/hr
76 - 83% through 200 mesh

33 - 40% to precombustor, remaining
to main combustor

Equivalence Ratio 0.76 - 1.00
Secondary Burner

Equivalence Ratio 1.20 - 1.42
Stack 02 5.9 - 6.9%
Combustion Air .
Preheat 355 ~ 415F
Ca/S Ratio 0

. pwo Bull Ridge .

Ten parametric tests were conducted using the Two Bull Ridge
coal (tests TBR3 through TBR12). The conditions and results
of these tests are summarized in Table 5-4. Complete data
is given for each individual test in Appendix B.

The conditions for these tests ranged as follows:

Load

Coal Grind

Coal Flow Split
Main Combustor
Equivalence Ratio

Secondary Burner
Equivalence Ratio

Stack 02

Combustion Air
Preheat

Ca/S Ratio

13 - 25 MMBtu/hr

82 - 96% through 200 mesh

39 - 47% to precombustor, remaining
to main combustor

0.74 - 1.10

0.91 - 1.43

5.5 - 8.8%

249 - 393°F

0
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5.3.3 FCM Collection Tests

Forty-two tests were run using the performance coal in which
the baghouse catch was collected as the FCM sample for
NIRO's pilot plant tests. The tests were run at 20
MMBtu/hr, selected to promote acceptable slagging and to
allow reasonable test durations for sample collection.

Since these tests were run at a load higher than the maximum
capacity of the mill, the test duration was limited to about
three hours per test.

These tests were conducted using the same procedures as the
parametric tests with the additional steps of injecting
limestone in the combustor exit and collecting the FCM. The
baghouse catch was collected in 55-gallon drums, marked and
weighed for each test,

The conditions and results of these tests are given in Table
5-5. Complete data is given for each individual test in
Appendix B.

Average test conditions for the FCM collection tests were:

Load 20 MMBtu/hr
Coal Grind 75% through 200 mesh
Coal Flow Split 45% to precombustor, remaining to

main combustor

Main Combustor
Equivalence Ratio 0.98

Secondary Burner
Equivalence Ratio 1.04

Stack 02 6.15%

Combustion Air .

Preheat 385 F

Ca/S Ratio 1.6 (ranged from 1.02 to 2.05)
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5.4 Test Results and Discussion

This section contains the findings of the tests and a discussion of
the results.

5.4.1 Coal Handling, Preparation, and Feeding

Storage

The Healy coals were carefully stored in a local yard in
5-foot-high compacted piles instrumented with a grid of
thermocouples at the bottom of the piles. Temperatures never rose
above 95 F, demonstrating that attention given to coal storage was
successful in aveiding problems. A temperature history record is
shown in Figure 5-2.

Handling

The Healy performance coal did not present any significant handling
difficulties. The ccal was considerably more abrasive than other
coals that have been handled in the Cleveland test facility.

The TBR coal was more difficult to handle at times than the
performance coal, sticking in the transfer lines to the 25-ton silo
upstream of the ball mill, as well as in the silo itself. The TBR
coal varied in handling difficulty: one truckload was difficult to
handle, the next was not.

Grindability
The Healy performance coal was more difficult to grind than coals
previously tested in Cleveland. The maximum mill capacity was

found to be 1 ton/hr, equivalent to 16 MMBtu/hr. According to KVS,
the ball mill manufacturer, this corresponds to a Hardgrove
Grindability Index of approximately 25.

Normal mill operation was to set mill feeder speed near 25% and to
limit the mill inlet temperature to 400°F. The mill outlet
temperature normally ran near 135°F. Raising the temperatue to
150 F did not increase the output measurably. The ball level in
the mill was 2 inches below the inner edge of the mill exit liners.
The sweep air flow rate was held constant near 5300 lbs/hr.

The TBR coal exhibited similar grindability characteristics.

0a eparatijo s

During the test program, over 350 tons of Healy coal were handled
by the Cleveland test facility without any indication of ccal

smoldering or fires anywhere in the facility. CO concentrations in
the sweep air never reached
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a level of concern. The coal preparation and feed systems were
operated without incident during the 10-week period of using Healy
coal. The CO2 inerting system was successfully used during idle
periods. Use of the €02 deluge system to quench smoldering or
burning ccal was not required.

The maximum coal flows demonstrated during the test program were
3800 lb/hr and 3455 1b/hr on the Healy performance coal and the TBR
coals, respectively. Safe and stable coal feed operation was
cbtained. Furthermore, the high moisture content of the coals did
not create any coal feed problem. In conclusion, the following was
demonstrated:

. Safe storage of pulverized coal in the surge bin
(surge bin capacity was approximately 1 ton)

*» Controllable coal flow rate and split
+ Smooth, repeatable light-offs during over 80 tests

+ Prevention of coal agglomeration or accumulation in
coal lines

5.4.2 Precombustor Operation

Prior to the Healy tests, the precombustor internal
configuration was modified to accommodate the larger diameter
injector (3 inch vs. 2 inch diameter) and the higher carrier
and coal mass flow rates (factor of 3 to 4). Satisfactory
precombustor operation was verified using an Chio coal. Flame
holding limited the combustion air flowrate to near 7000
pounds per hour.

The precombustor was operated successfully on both Healy coals
for a total of over 80 tests. Light-offs were consistent and
repeatable, While normal operation was to run the
precombustor with the gas ignitor on, acceptable operation
without the ignitor was verified.

Using the performance coal, the precombustor coal flow rate
ranged from 800 to 1500 lb/hr. Using TBR coal, the coal flow
rate ranged from 679 to 1523 lb/hr. Some evidence of slag
growth was found at the exit of the precombustor, but these
were less frequent and less troublesome when the precombustor
was run at higher temperatures (higher coal flow rates).

In conclusion:

. The precombustor provided a reliable and stable scurce of
high-temperature ignition air to the main combustor.
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. The precombustor operated successfully over a wide range
of conditions.

. Precombustor exit slag growths were reduced with higher
precombustor exit temperatures.

. Flame holding diminished as flow was increased.

5.4.3 Main Combustor Operation

The main combustor lit off and operated acceptably on both
Healy coals for a total of over 80 tests. As with the
precombustor, light-offs were consistent and repeatable.
Bright, intense head end combustion was observed, especially
when the dampers, which control the velocity of the
precombustor exit gases, were biased toward the head end
(precombustor damper settings per test are given in Appendix
D). The following sections give further details on combustor
performance.

Carbon Conversion

Carbon conversion was calculated from the analyses of the
solid samples taken during each test, to indicate the
combustion performance of the system. Table 5-6 shows average
slag and FCM analyses from the FCM collection tests. FCM is
defined as the material caught in the baghouse and is also
referred to as flyash in this report. Slag and flyash samples
were taken during each test as described in the test procedure
Section 5.3.2. Carbon content of the slag averaged 2.27%.
For the FCM , the average was 0.7%. The carbon in the slag is
relatively low, at about the same value or slightly higher
than observed in previous tests with Ohio cocal. The FCM
carbon content is very low, significantly lower than observed
in Ohio coal tests. The reduction in the FCM carbon content
indicates that the combustion of the Healy performance coal is
different from that of the Ohio coal.

Carbon conversion was calculated for the performance coal and
TBR tests for which slag and FCM measurements were available.
Carbon conversion was determined using the following equation:
Carbon conversion = (1 - losses / input) * 100
Losses = (slag wt) * (slag carbon content/100)
where + (FCM wt) * (FCM carbon content/100)
Input = (coal wt) * (coal carbon content/100)

The inputs to the calculations and the results are shown in
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Table 5-6- FcM and slag Characteristics

Slag Characteristics

PROXIMATE ASH ANALYSIS (dry)
o, Moisture 18.53 % Si02 66.81
o, Ash 80.89 % Al1203 13.91
o, Volatile 1.08 4 1102 0.63
o, Fixed Carbon 1.50 % Fe203 4.33
Btuib 367 o, CaQ 8.77
% l‘ezgo 1.66
ULTIMATE % K20 1.72
o, Moisture 16.53 % Na20 0.78
o, Carbon 2.27 % S03 0.08
o, Hydrogen 0.03 o% P403 017
o, Nitrogen 0.12 % SrO 010
o/, Sultur g.43 %, Ba0 0.19
% Ash 80.89 % MnQ 047
9, Oxygen 0.03 Undstermined 0.72
T 250 2820
FCM Charactenstlcs
OXIMATE ASH ANALYSIS -
f/'o Moisture Q.12 . %, 8102 48.60
o, Ash 88.04 o, AI203 17.06
o, Volatile 175 o TIOZ 0.72
o, Fixed Carbon 0.09 . o, Fe203 6.06
Btu/lb 16.28 % Ca0 17.05
% ng 2.57
ULTIMATE o, K20 232
o, Molsture 0.12 o, Na20 0.65
o), Carbon 0.70 %, SO3 1.60
o, Hydrogen 0.04 % PAOS 0.10
o/, Nitrogen 0.21 LOI 249
o, Sutur 0.62 Undatarmlned 0.78
g %?ég.'s % Ca 12.02
Oxygen .
% OxyQ %C02 2.08
v, CaCO3 472
% CaS 2.7
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Table 5-7 for the FCM collection tests. The average
chemicalanalysis was used for tests for which the solid
samples were not analyzed. The specific analysis was used for
tests where the solid samples were analyzed. Where the carbon
conversion results are not given, slag or flyash data were not
available. Carbon conversion for the performance coal ranged
from 97.0 to 99.5%, averaging 98.9%. These results show that
combustion was very good during most tests.

Carbon losses are shown graphically in Figure 5-3. It shows
the separate losses to the slag and FCM for each test. Carbon
losses to the slag averaged 1.07% and to the flyash only 0.07%
of the total carbon input. Since carbon losses to the flyash
are small, the carbon conversion numbers above are thus mainly
based upon carbon losses to the slag.

The effect of cocal grind on carbon content of the slag is
shown in Figure 5-4 for FCM tests where soclid samples were
analyzed. The figure indicates that the carbon content of the
slag is less for a coarser grind. However, as will be shown
in the next section, slag recovery is observed to decrease
significantly with a coarser grind. Low values for slag
carbon content and also slag recovery for a coarser grind
results in a low level of carbon loss to the slag or a high
level of carbon conversion. Although a coarser grind may
appear advantageous from a carbon loss view point, 70% thru
200 mesh or finer is required to obtain high levels of slag
recovery (greater than 75%).

Carbon conversion for the TBR tests for which data was
available is shown in Table 5-8. Again, carbon losses to the
slag were greater than to the flyash. The graphic
representation is given in Figure 5-5. Carbon conversion
ranged from 97.5 to 99.3%, averaging 98.5%. Carbon losses to
the slag averaged 1.36% and to the flyash 0.07% of the total
carbon input. Carbon losses using TBR coal were slightly
higher than with the performance coal, indicating that the
combustion was not quite as good with the TBR coal.

In conclusion:

. Carbon conversion for the Healy performance coal was very
good, averaging 98.9%, indicating acceptable combustion
of the performance coal

. Carbon conversion for the TBR coal as calculated was
good, averaging 98.5%.

. Carbon losses to the flyash were extremely 1low, a

phenomenon not previously observed for other coals (e.qg.
Ohio, W.VA.) in the past in Cleveland.
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. carbon losses are expected to be lower in the Healy
system because the combustion air preheat will be higher,
the size and hence residence time will be longer and the
system will generally run at higher load. All of these
will improve combustion performance.

Slagging Characteristics

A drawing of the interior of the combustor is shown in Figqure
5-6 as viewed post test by the test conductor. Some build up
of slag was ovserved in the tap, however, slag flowed out of
the slag tap in every performance coal test. Ash
accumulations were observed in the head end which were removed
after every 6 to 8 tests. This material appeared porous and
sintered rather than molten. These accumulations were reduced
by feeding more coal to the precombustor to increase the gas
temperature in the head end. Downstream of the air inlet from
the precombustor, the slag coating on the combustor walls was
shiny and uniformly covered the walls, indicating higher
temperatures and molten slag flow downstream of the air inlet.
Conditions improved when the main combustor injector was moved
inward by 4 inches after test No. H4l.

Slag tapping was also achieved with the TBR coal which had a
higher T,, than the performance coal. Ash accumulations
occurred in the head end with this coal as well as with the
performance coal. In early tests on the TBR coal, the slag
tap plugged, but once the proper operating conditions were
determined, the slag tap remained open for the rest of the
tests. Slag accumulation was observed in the slag recovery
section after some tests. This did not restrict the testing,
but indicated that obtaining the proper conditions to make the
slag flow was more difficult with the TBR coal than the
performance coal. Limestone was mixed with the main combustor
coal during the last two TBR tests in the series to act as a
fluxing agent. Since ash accumulations had already formed in
the combustor prior to fluxing, the net effect of the
limestone could not be determined within the few hours of
testing.

Neither slag nor ash accumulation is expected to occur in the
Healy combustor because that system will operate under
conditions more suitable for the Healy coals than the
Cleveland system could offer. The Cleveland system was
limited by the low air preheat, the reduced load, and the
small diameter of the combustor. At Healy, slag surface
temperatures will be higher than at Cleveland for the
following reasons:

. The air preheat will be 200 to 300'F higher
. The nominal operating load will be the design load rather
than 40% of the design load
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. The Healy combustor diameter will be almost three times
larger, thus increasing the optical length. As optical
length increases, more particles are available for
radiation to the slag surface, thus increasing the heat
flux available.

. Fluxing with limestone can be used to reduce the T,, of
the slag. This should help prevent slag and/or ash
accumulations as long as flux is introduced from the
start with the coal. Fluxing after accumulations had
formed did not cause any problems, however, little
influence upon reducing the slag thickness was noted
during the few hours of operation in which fluxing was
used.

In conclusion:

. Slag tapping was successfully demonstrated for both the
Performance blend and the Two Bull Ridge coal.

. Although ash accumulations were observed in the head end
of the combustor for both performance and TBR coals,
these accumulations are not expected to occur at Healy
due to the higher air preheat, higher load operation, and
longer optical length.

Slag Recovery

Slag recovery was determined for the Healy performance and TBR
coal tests from which slag data was available. The egquation
used to determine the slag recovery is:

Slag recovery = (slag wt) * (slag ash
. content/100)*(1=-slag ash SO3
content/100)/((coal wt) * (coal ash
content/100)*(1-coal ash S03
content/100))*100

The sulfur as S03 is removed from the calculation because
sulfur is released as a gas in the combustor zone and is not
recoverable in the slag. This is clearly exhibited in the
analyses of Tables 5-1 and 5-6.

Table 5-9 gives the inputs and results of the slag recovery
calculations for the performance coal and TBR c¢oal tests.
Comments are given for the tests where the slag recovery could
not be calculated. Figure 5-7 shows slag recovery where
available for the performance ccal tests along with combustor
operating conditions. For the performance coal parametric
tests, slag recovery ranged from 62 to 97%. The FCM tests
ranged in slag recovery from 62 teo 101%. Slag recovery values
greater than 100% are possible due to random fluctuations in
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Table 5-9. 8Slag Recovery Results for Healy Testing
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Table 5-9. Slag Recovery Results for Healy Testing (cont.)
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the slag/ash layers in the combustor. Errors in the
determination process may also be a reason for slag recovery
values greater than 100%. This topic will be covered later in
this section.

A frequency distribution of slag recovery results for the all
the Healy performance coal tests is shown in Figure 5-8.
While there is scatter in the results, the distribution shows
that the majority of the tests yielded 80 to 90% slag
recovery.

Scatter in the slag recovery results for the performance coal
parametric tests 1s consistent with the changing conditions of
the parametric tests. Scatter in the results of the FCM
collection tests was less pronounced, as would be expected
since the tests were performed at similar operating
conditions, except for two early tests. For these tests, the
slag recovery dropped to near 65% because the coal grind was
coarser. The effect of coal grind on slag recovery is shown
in Figure 5-9. Slag recovery is observed to drop
significantly with the coarser grind.

Figure 5~10 shows the frequency distribution of slag recovery
results for the FCM collection tests only. Scatter in the FCM
slag recovery is due to errors in the determination of slag
recovery and/or changes in performance. Determination errors
may be due to test duration or errors in either or both the
coal flow measurement and the slag weight. Figure 5-11 shows
cumulative slag weight with time during a typical FCM
collection test. The figure shows that during the three-hour
test, slag weight increased at a uniform rate beginning as
soon as the load condition was reached. Thus, the duration of
the test, although short, should not introduce significant
errors provided that the wall coverage conditions are the same
at the beginning and at the end of the test. Errors due to
erroneous coal flow measurements can be compensated for by
correcting the coal flow to correlate with steam flow to
calculate a corrected slag recovery. This was done and the
slag recovery results did not change significantly. However,
by dividing slag recovery results by solids closure
efficiency, which is discussed in the next section, the
scatter in the slag recovery results was reduced. Figure 5-12
shows slag recovery corrected by solids closure. The majority
of the slag recovery results fall between 86 and 90%, as shown
in the frequency distribution for the corrected slag recovery,
Figure 5-13. The solids closure correction accounts for
errors in both coal flow and slag weight, and indicates that
determination, not performance is believed to be main cause
for the data scatter.
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The TBR test slag recovery results are shown graphically in
Figure 5-14. The TBR results are significantly lower than the
performance coal results, ranging from 30 to 73%, with an
average of 47%. The slag recovery fregquency distribution in
Figure 5-15 shows the scatter in the TBR results. Solids
closures were also low for the TBR coal, which will be
discussed in a later section. By correcting the TBR slag
recovery for solids closure efficiency, shown in Figure 5-16,
the scatter is reduced, as shown in Figure 5-17. However,
even the corrected results are low, with the highest frequency
at 51 to 60%. These results are consistent with the fact that
the TBR coal has a higher T250 than the performance coal angd
that the observed combustion performance was not quite as
good. Improved slag recovery was observed, however, in test
TBR12 where limestone was added to the coal to act as a
fluxing agent. This helped to lower the high T, value of the
slag. Slag recovery for this test was 73% (upper limit in
scatter), which is a marked improvement over the other TBR
tests. This slag recovery number may be artificially high,
however, due to the release of some slag/ash accumulations
previously existing in the combustor on the injection of
limestone.

In conclusion on slag recovery:

. Slag recovery for the Healy performance coal was
excellent, averaging 85% for tests at 20 MMBtu/hr, main
combustor equivalence ratioc of 1, coal split of 46%, and
coal grinds of 70-80% thru 200 mesh.

. Slag recovery values dropped to near 65% for tests with
coarser coal grinds (50-60% thru 200 mesh).

. The excellent slag recovery of 85% further corroborates
that combustion performance was good with the performance
coal.

. Correcting slag recovery by solids closure efficiency

yields results with reduced scatter, indicating that the
variations in slag recovery are primarily due to errors
in slag weight measurements.

. The TBR slag recovery results were lower, as a result of
the higher T,, and slightly reduced combustion
performance.

. These results indicated that the combustion could be run
within the limits of the operability window with the
performance coal. Combustor running conditions were
slightly outside the more restrictive operating window
created by the TBR coal. This window will be wider at
Healy because of the higher air preheat temperature and
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larger physical combustor size.

. An option with the TBR coal may be to mix limestone with
the coal to act as a fluxing agent. Limestone injections
with the coal lowers the high T,, value of the slag,
which helps to facilitate slag recovery.

Sol igs Closures

Solids closure efficiency could be determined for the FCM
collection tests and the TBR tests whenever both slag and
flyash were weighed for these tests. In some of these tests,
slag or flyash weights were not available, so the solids
closure was not determined.

Solids Closure efficiency was calculated to determine how well
the solids input (ccal ash and limestone) matched the solids
output (slag and flyash). The equation utilized to determine
solids closure is:

Solids Closure = Output/Input #100

Output = (slag wt)*(slag ash content/100)*(l-slag ash SO03
content/100)+ (FCM wt)*(FCM ash content/100)*(1-FCM
ash S03 content/100)

Input = (coal wt*{coal ash content/100)*(l-coal ash S03
content/100)+(limestone flow)*test
duration/é60* ( (limestone Caco3
content/100) *MW(Ca0) /MW (CacCo3)+(1-1limestone CacCco3
content/100) *MW (MgO} /MW (MgCO03))

Sulfur in the form of sulfur trioxide (S03) was subtracted
from the coal ash, slag, and flyash calculations, since sulfur
is released as a gas and not available as a soclid material.
The sclids input from the 11mestone was assumed to be all
calcium oxide (90%) and magnesium oxide (10%).

The results for the applicable performance cocal FCM collection
tests are shown in Table 5-10. and plotted in Figure 5-18.
Solids closure was found to be excellent, in the range of 74
to 137% with an overall average closure of 97%. The frequency
distribution for solid balances is shown in Figure 5-19 and
shows that most tests fell within 85 to 105% solids closure.

Solids balances for applicable Two Bull Ridge coal tests have
been calculated and are shown in Table 5-~11 and plotted in
Figure 5-20. Solids closure was found to be poor, in the

Inclusion of the actual calcination fractions,
rather than the 100% value assumed here, changes
the results very little.
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range of 56% to B85%, with an overall average of 69%. The
solids closure was poor for these TBR coal tests primarily
because of significant slag accumulation in the furnace
section. The previous tests with the performance coal showed
little slag accumulation in the furnace section. The reason
why the performance cocal had little slag accumulation in the
furnace section is thought to be due to good combustion and an
acceptable match between the active operating window and the
performance coal. The combustion performance for the TBR coal
tests was not quite as good as the Healy performance coal, and
the higher T, resulted in poorer slagging and more carryover
into the furnace.

In conclusion on sclids closure:

. FCM collection tests with the performance coal showed
good solids closure.

. TBR tests showed poor solids closure. This was due to
significant slag accumulation in the furnace section.

Calcium Balance

Calcium balances for FCM tests on performance coal have been
determined with the results given in Table 5-12, and plotted
in Figure 5-21. The calcium balances were found to range from
63% to 124% with an average of 78%. The calcium closure is
thought to be reasonable in 1light of the large errors
associated with the relatively small amounts of calcium
present in the overall system (approximately 2% of entering
solids).

ooli s

Cooling load is the percentage of the higher heating value of
the coal fired which is transferred to the combustor cooling
water. Cooling load values were determined for the
performance coal and Two Bull Ridge coal tests, and are
plotted as a function of load in Figure 5-22. Also plotted in
Figure 5-22 are cooling locad results for Ohio coal tests
performed previously under similar conditions as the Healy
coal tests. The cooling loads for the Healy tests are
observed to be much lower than for the Ohio coal tests. For
a load of 20 MMBtu/hr, the cooling load for the Healy tests
was approximately 10%, where as for the Ohio coal tests, the
cooling load was 20-25%. The lower cooling loads for the
Healy coal is due to the higher slag T,, values. The cooling
loads for the Two Bull Ridge coal tests are slightly lower
than those of the performance coal, consistent with the higher
slag T,,, values for the TER coal above the performance coal.
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Combustor heat fluxes making up the cooling loads observed
above, are shown in Figure 5-23 for the performance coal, the
TBR coal, and the Ohio coal, for similar loads and equivalence
ratios. The difference in heat fluxes between the Ohio ceoal
and the Healy coal tests in the slag recovery section of the
combustor is primarily due to a difference in the slag Ty
values. This is because the slag layers in the slag recovery
section were observed to be melted, where the surface of the
slag must have reached the T, value. Heat fluxes in the slag
recovery section for the Heaiy coal tests were roughly half
the heat flux values for the Ohio coal tests. The difference
in heat fluxes between the Ohic coal and Healy coal tests in
the head end section of the combustor is due to more than just
the difference in the slag T,, values. In this region, large
ash accumulations were predominant for the Healy tests causing
the heat fluxes to drop to values as low as 1 Btu/s/ft2. For
the Healy combustor, ash accumulations are not expected
because of higher air preheat temperatues and higher locadings.
Heat fluxes for the head end region are thus expected to go
up, but not as high as the Ohioc coal, because of the higher
slag T, values for the Healy coal.

Calculations have been performed to show the relationship
between heat flux, slag thickness, and gas temperature for the
performance coal. The results of these calculations are shown
in Figure 5-24. For the head end region, with heat fluxes of
1 Btu/s/ft2, calculated gas temperatures are observed to be
only slightly higher than the T,, value of the slag.
Calculated slag thicknesses are thus large, 3-4 inches, and
potentially unstable if the gas temperature were to drop
nearer the slag T,, value. This is consistent with the ash
accumulations observed in the head end for the performance
coal. For the exit section of the main combustor, heat fluxes
were approximately 5 Btu/s/ft2. Calculated exit temperatures
are observed to be much higher than the slag T, Value. This
is assuming that no ash is in the gas, which is reasonable in
this case for the performance coal which has good slag
recovery. Calculated slag thicknesses are thus thinner and
more stable, consistent with post test observations. To give
more credence to the calculated results, the gas temperatures
were compared against equilibrium gas temperatures determined
from a thermal chemical equilibrium program, based upon
stoichiometric conditions for the head end and exit regions.
The equilibrium temperature results are shown in Figure 5-25,
and are observed to agree well with the calculated
temperatures in Figure 5-24.
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Figure 5-25. Equilibrium Gas Temperatures as a Function of

Combustor Equivalence Ratio for Performance
Coal
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In conclusion on coeoling loads:

. Cooling loads and heat fluxes were observed to be lower
for the Healy tests compared to previous Cleveland
experience with the Ohio coal.

. The difference in exit section heat fluxes between the
Healy coal and the Chio coal is believed to be primarily
due to a difference in the slag T,, values. This is
because the slag layers were observed to be completely
melted and glassy, and must have reached the slag T,
values. The lower heat flux for the Healy coal tests is
attributed to a smaller temperature difference between
the combustion gas and the higher 1liquid surface
temperature fo the slag (higher T,,). This result
assumes ¢that the convection-radiat ve heat transfer
coefficient (between combustion gas and liquid slag
surface) is the same for both coal types.

. The difference in head end region heat fluxes between the
Healy coal and the Ohio ccal is due to more than just a
difference in slag T,, values. This is because of the
large ash accumulations observed post test for the Healy
coals. These accumulations created a large resistance to
conduction between the slag-gas surface and the combustor
wall.

. Slag accumulations are not expected to occur in the Healy
combustor due to higher air preheat temperatures and
higher loadings. Heat fluxes are expected to go up, but
not as high as the OChio coal tests due again to the
higher slag T,, values of the Healy coals.

5.4.4 Furnace and Emissions
Furnace Temperatures

Temperatures were measured in the furnace during selected
performance coal parametric tests using a Babcock & Wilcox
high velocity thermocouple (HVT) probe. The tests for which
these measurements were made were H13, H13-1, Hl4, Hl4-1l, H1l6,
H17, and H18. Traverses were made from two locations, both on
a plane about 16 inches in front of the back wall of the
furnace.

Figure 5-26 shows the measurement points. Access doors to the
furnace were used for probe insertion. The upper measurements
were taken on a diagonal traverse into the furnace. The
location used to indicate furnace exit temperature was D-2.
The lower measurements were taken on a horizontal traverse
across the length of the furnace at a level just above the
plane of the combustor exit.
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The HVT furnace temperature measurements are given by test and
measurement point in Table 5-13. The furnace exit temperature
ranged from 1900 to 2180 F, depending on combustor locad, as
shown in Figure 5-27. Temperatures from an entire traverse
for two tests (H14 & H1l4-1) are shown in Figure 5-28 for the
diagonal traverse and in Figure 5-29 for the horizontal
traverse.

NOx Emissions

Nitrogen oxide (NOx) emissjions were measured in the stack
using a Lear-Siegler in-situ monitor for SOx and NOx
emissions. Figure 5-30 shows the NOx emissions corrected to
3% oxygen in the stack for all Healy performance coal and TBR
coal tests. The figure gives the NOx levels in chronological
order. NOx emissions ranged from a low of 130 ppm to a high
of 340 ppm, with an average value of 183 ppm for the
performance coal and 232 ppm for the TBR cocal. NO levels can
be determined in 1lbs/MMBtu using equation 20 in ﬁppendix c.
These values are, on the average, 0.271 lbs/MMBtu for the
performance coal, and 0.348 lbs/MMBtu for the TBR ccal.

Figure 5-31 shows that NOx emissions are a function of stack
oxygen. NOx levels increased as stack oxygen increased as
expected. The excess oxygen, however, could not be controlled
to lower levels because of the large amount of intrusion air
in the boiler. NOx emissions are also a function of combustor
load, as shown in Figure 5-32, which shows that as load
increases, NOx emissions increase. This is consistent with
higher temperatures at higher loads.

While NOx enmissions vary as oxygen and load vary, NOx
emissions are not a strong function of combustor equivalence
ratio, as shown in Figure 5-33. This suggests that the
combustor can be operated for optimum slagging conditions
without significantly compromising NOx emissions.

In conclusion on Nox Emissions:

. Low NOx emission levels were successfully demonstrated in
concert ' with excellent combustion and slagging
characteristics.

. NOx emission trend with excess 0, indicates the potential
for further reductions NOx emissions by better control of
furnace conditions as will be available at Healy.

. NOx emissions appear to be mildly dependent on combustor
stoichiometry thus providing operating flexibility.
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Table 5-13, Furnace Temperature Resdings Using the High
Velocity Thermocouple (HVT) Probe

HORLZONTAL TENPERATURES (DEGREES )

LOCATION Kt3-1 H13-2

L1 264 289

(2 20 210

L3 2264 2238

L 2305 2256

15 XL ¥ 1

L6 an o

i 2 2215

L8 ATE I

19 216 2156

(19 LTI LY

DIAGONAL TENPERATURES (DEGREES F)

LOCATION Hid  H14-1 k1 17 k18
) g2y 18 1988 AR s
17 1892 1814 Wy W 1
03 1915 1856 2023 ()
M 1957 1856 19¢1 ¢ Uy
0 1991 1989 1910 2204
0% 029 1968 1989 ' s
o1 2041 2008 9@ $ :
be 2078 2050 2004 s :
2% 21 129 2083 s :
010 ue  2u 3 t $
1041 LI | t t s
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Calcination

Limestone sorbent injection into the TRW coal combustion
system captures sulfur dioxide from the gas and provides a
flash-calcined material (FCM) for use in a back-end sulfur
removal system. The level of calcination, or the percentage
of calcium carbonate in the limestone which is calcined te
Ca0, is an important characteristic of the FCM.

The level of calcination was calculated using the following
equation
(Ca0}/56 + [Ca504]/136
calcination = ~-—---mecvccc e eaa * 100
[CaD]/56 + [CaS04]/136 + [CaC03]/100

where [Ca0], [CaS04], and [CaC03]} are the calcium oxide,
calcium sulfate, and calcium carbonate weight percents,
respectively, in the FCM after eliminating all contributions
from the coal,. Raw data from NIRO and their method of
determination are presented in Appendix E.

The results are plotted in Figure 5~34 for available FCM tests
with the performance coal. The 1level of calcination was
observed to be moderate at 75% for test H22, but then
decreased, reaching a plateau at a much lower value of 50%
after test H25. For tests after H33, the level of calcination
was observed to increase significantly to a level of 80 to
90%.

The variation in calcination trend appears to follow the
limestone flowrate shown in Figure 5-35 fairly closely. The
limestone flowrate was increased to counter the unexpectedly

low levels of calcination previously achieved. As the
limestone flow decreased as between tests H22 to H25, the
calcination 1level also decreased. In addition, as the

limestone flow increased as after test H33, the level of
calcination also increased. The effect of limestone flowrate
on calcination may be due to improved penetration and mixing
of the limestone with the combustion gases.

Another factor which may have affected limestone mixing and
calcination may be the slag buildup in the throat section of
the secondary burner where the limestone is injected. Slag
build up in the throat section is near the limestone stream
and may influence contact and mixing with the combustion
gases. This in turn lowers calcination, since calcination is
dependent upon the temperatures in the combustion gases. Slag
build up in the throat section is observed by an increase in
the secondary burner throat pressures.
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variation in Limestone Flowrate During FCM

Testing

Figure 5-35.



The average secondary burner throat pressures for the FCM
tests are shown in Figure 5-36. The secondary burner throat
pressure for test H33 is observed to be the highest in Figure
5-36 which is consistent with the significant slag build up
observed post test. Furthermore, calcination for this test
was observed to be the lowest at 30%, consistent with poor
contact and mixing of the limestone stream with the combustion
gases.

Another possible reason for increased calcination could be due
to a finer limestone size distribution. This may be true even
though the limestone particle size distribution was not
intentionally altered during the test series. This is because
the Cantwell limestone was observed to agglonerate as seen by
SEM photomicrographs shown in Figure 5~37. The Ohio (Bucyrus)
limestone used in earlier Cleveland tests is our previous
baseline and shows much less particle agglomeration. Thus,
depending upon the level of agglomeration for the Cantwell
limestone, the level of calcination may also vary.

In conclusion on calcination:

. The level of calcination was observed to be low during
early Healy tests (50%)}, followed by mnuch better
calcination (80-90%) during later Healy tests.

. The level of calcination may be due to a combination of
limestone flowrate and slag build up in the throat
section of the secondary burner which in turn influences
the mixing and contact of limestone with the combustion
gases, Limestone, agglomeration which affects the
particle size distribution may also be a factor in the
level of calcination obtained.

ssio e

Sulfur dioxide emissions were monitored throughout each test
and the measured values are given in the data tables.
However, these values are suspect for the following reasons:

. Sulfur mass balances did not close (about 40% of the
input sulfur was accounted for in the output streams)
while other mass balances closed reasonably well.

. S0, emissions measured in tests where no sorbent was
injected were lower than the expected value (calculated
from sulfur in the coal). Although the Healy coal ash
contains calcium, because the slag recovery efficiency
was high, very little calcium was available to capture
sulfur in the furnace. Thus, low sulfur capture is
expected without limestone addition.
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. The flue gas contained more moisture than previous
experience at Cleveland because the Healy coals contained
9 to 11% moisture as fed compared to 1 to 2% moisture for
eastern bituminous coals. Moisture in the flue gas
probably allowed a coating to build up on the in-situ
probe, which scrubbed 502 from the flue gas sample as it
passed through the probe to the analyzer. NOx enmissions,
measured with the same analyzer, are not affected by
moisture, thus the NOx readings can be expected to be
accurate.

The sulfur found in solid streams in the FCM production tests
account for about 15% of the input sulfur. ‘Thus, for a Ca/s
ratio of 1.6 with the Cantwell limestone, the sulfur capture
was 15% using the performance ccal.

oxicit i at

For waste management purposes, coal, slag, and flyash samples
from a test on the performance coal were collected for
toxicity/leachability tests. The Toxicity Characteristics
Leaching Procedure (TCLP) was utilized, and performed by the
Commercial Testing and Engineering Company. The procedure was
limited to the following metals: arsenic, barium, cadmium,
chromium, lead, selenium, silver, mercury, copper, nickel,
zinc, beryllium, iron, manganese, vanadium, rubidium,
strontium, and zirconium. The procedure results are given in
Table 5-14.

All results were found to be well below any given TCLP
regulatory limit. At this time, there should be no prokblems
with storing or disposing of the coal, slag, or flyash in a
land £ill.
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Table 5-14. Analysis of Metals in the TCLP Leachate

TCLP
Reagulatory
* Coal *x Slag =% Flyash MDL Limit
Paste pH g.19 9.15 N/A
Units MG/L MG/L MG/L MG/L MG/t
Arsenic ND ND NG 0.5 5.0
Barium ND ND ND 1.0 100.0
cadmium ND ND ND 0.2 1.0
Chromium ND ND 1.8 0.2 5.0
Lead ND ND ND 2.0 5.0
Selenium ND ND ND 0.5 1.0
Siiver ND ND ND 0.5 5.0
Mercury ND ND ND 0.1 6.2
Copper ND ND ND 0.5 N/A
Nickel ND ND ND 0.5 N/A
Zinc ND ND 0.96 0.5 N/A
Beryllium ND ND ND 0.2 N/A
tron ND 2.2 ND 0.5 N/A
Manganese ND ND 1.5 0.5 N/A
vanadium ND ND ND 2.0 N/A
Rubidium ND ND ND 5.0 N/A
Strontium ND ND ND 10.0 N/A
Zirconium ND ND ND 5.0 N/A

MDL - Method Detection Limit

ND - :Bt Detected at a concentration greater than or equal to the
L

N/A = Not Available

* - Coal sampls taken post test H32,

¥ - Slag and fly ash samples taken post test Hi6,
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6. SUMMARY OF CONCLUSIONS

Both the performance ccal and the Two Bull Ridge (TBR)
coal were handled, pulverized, and fed safely and
reliably in the Cleveland test facility coal preparation,
feed, and transport systems.

Light offs of the combustor (over 80 tests) were
repeatable, without any indications of problems. Flame
scanners were arranged so that no interferences causing
a master fuel trip (MFT) occurred.

Precombustor flame stability was marginal near full load.
The precombustor was designed for a maximum coal split of
35%, not the 47% split used for these tests. The Healy
precombustor will be designed to accommodate a higher
coal split thereby increasing the flame stability and
eliminating any need to leave the ignitor on.

No mechanical operation problems were induced by the use
of the Healy coal except for excessive wear of the main
combustor pintle tip. This problem can be eliminated by
use of a multi-port pintle-less injector system.

Combustion performance was good to excellent for both
cocals as measured by carbon losses in the slag and
flyash., The performance coal and the TBR coal had 98.9%
and 98.5% carbon conversion, respectively. Indicated coO
levels at the stack were near 40 ppm for the performance
coal and 140 ppm for the TBR coal. This also was
indicative of good combustion with a slight preference
for the performance coal.

Slag recovery for the performance coal was excellent at
85%. The slag recovery for the TBR coal was lower at
45%. Slag recovery for the performance coal was better
because the slag T,, value (2750 F), for the performance
coal was within the combustor's operating window. Slag
recovery for the TBR coal was lower because the slag T
was higher at 2900 F, which was outside the combustorFE
cperating window. Higher air preheat temperatures and
larger combustor size at Healy should accomodate the TBR
coal.

Low NOx emissions were demonstrated for both performance
coal and TBR coal. The performance ccal tests and the
TBR coal tests averaged 188 ppm, and 231 ppm of NOx,
respectively. The level of NOx was found to decrease
with amounts of excess oxygen in the stack. Operation at
excess oxygen levels below 5% was precluded by the high
amounts of intrusion air present at the furnace in
Cleveland.
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Cooling loads for the performance coal and the TBR coal
tests averaged 10% and 7%, respectively. The slightly
lower cooling loads for the TBR coal tests is primarily
due to its higher T,, value, These loads are much lower
than in previous Cleveland tests with Ohio coal, which
averaged of 20-25%. Cooling loads for the Healy tests
were lower than those for the Ohio tests due primarily to
higher T,, values for the Healy coals.

Ash accumulations were observed in the head end region of
the combustor for the Healy tests. Ash accumulations in
the combustor at Healy are not anticipated because of
higher air preheat temperatures and larger size. It must
also be recognized that operating locads at Cleveland were
only 50% of full load. Higher loads will also alleviate
the ash accumulation problem.

The slag tap remained vpen for all tests except during
the transition from performance coal to TBR coal.

There were also some slag accumulations in the secondary
burner throat probably related to the need to
continucusly operate at reduced locad. This is consistent
with TRW's prediction for the window of operability for
the Cleveland test set up.

Furnace ash accumulation did not appear significant
throughout the performance coal test phase. They
increased significantly during the TBR test phase. This
is believed to be due to the inability to trap the larger
ash particles as slag because of the higher T,, of the
TBR coal.

Furnace temperatures were found to vary as expected,
depending upon load and location in the furnace. For the
exit of the furnace, gas temperatures ranged from 1900 F
to 2180 F at loads from 24.9 MMBtu/hr to 30.6 MMBtu/hr.

Calcination levels in the baghouse catch were found to be
low for early Healy tests (50-60%) followed by much
better calcination (80-90%) during later Healy
performance coal tests., The increase in calcination
level was found to correspond to an increase in limestone
flowrate. To a lesser degree, slag buildup in the
secondary burner throat may alsc have been a factor.
Limestone agglomeration may also be another factor in
determining the level of calcination.

Useage of high moisture content Healy coals, dried to 10~
11% moisture, presented little operational problems
during the test series. Further testing would be
required, however, to determine whether the Healy

111



combustor could utilize even higher moisture content
Healy coals.
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APPENDIX A. SOLID SAMPLE ANALYSES PER TEST
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APPENDIX B. TEST DATA SUMMARIES



Nomeclature

TESTS

SLAG RECVRY

COAL GRIND

DAMPER POS.

PC EXIT
COAL INJ.
DEPTH

PCC PHI
PC PHI

MC PHI

§8 PHI
LOAD

COAL PC
COAL MC
COAL SPLIT
PCCA

PCMB

SBCA
INTR. AIR

02 B
02 STACK

Table B1. Data Table Nomeclature

First three digits indicate consecutive test number,
second number indicates test condition.

Slag recovery numbers detarmined from coal ash and
stag ash weights, corrected for sulfur. Equation is
given in Appendix C.

Weight percent passing the 200 mesh screen (74
micron particle diameter)

Damper postion at the precombustor exit. Damper

A is the downstream damper from the main combustor’s
headend. The valuas are given in terms of percent

of available movement (stroke). Damper configurations
are shown in Appendix D.

Precombustor exit velocity in F7/S. ODCS values corrected
in Appendix C for coal type and PC devclatilization.

Main combustor coal injection depth.

Precombustor can equivalence ratio.

Equivalence ratio at exit of precombustor
Equivalence ratio in main combustor.

Equivalence ratio at secondary burner.

Total coal flow in MMBTU/HR.

Pracombustor coal flow in LBS/HR.

Main combustor coal flow in LBS/HR.

Percent of ccal going to the precombustor.
Precombustor can air in thousands of LBS/HR.
Precombustor mix bustle air in thousands of LBS/HR.
Secondary burner air in thousands of LBS/HR.
Intrusion air, determined by calculating the
difference 1in air flows attributed to measured
stack oxygen and secondary burner oxygen.

Percent oxygen in the gas at the secondary burner.
Percent oxygen in the gas measured at the stack.

B1



Table Bi. (continued)

CO e3x

NOX #3%
S02 e3%
S02 W/0 LS

LS

CA/S

3
§02 REDUC

PC EXIT
TOT STM
COOL LOAD

BLR EFF

FUEL/STM CORR

HEAT LOSS

HEAT FLUX

Carbon monoxide emissions in stack in ppm,
corrected to 3% oxygen.

Nitrogen oxides emissions in stack in ppm,
corrected to 3% oxygen.

Sulfur dioxide emissions in stack in ppm,
corrected to 3% oxygen.

Calculated sulfur dioxide emissions in ppm,
without limestone, corrected to 3X oxygen.

Limestone flowrate in LBS/HR.

Molar ratio of calcium in l1imestone to sulfur
in the coal,

Percent sulfur in the coal.
Sulfur dioxide reduction due to Yimestone addition.

Precombustor exit temperature calculated assuming
that only coal devolatilization occurs.

Total steam produced in thousands of LBS/HR - Sum
of flash tank steam {combustor} plus boiler steam.

Combustor heat transfer to the cooling system
relative to the thermal input, in percent.

B8oiler efficiency.

Fuel to steam flow correlation (value of 1 indicates
a match between BTU’s released in the system and
available BTU'’s in the coal fired.

Total combustor heat 10ss (precombustor, main
combustor, secondary burner).

- Headend + Air inlet

Spool + Air inlet

Baffle

Slag recovery section front

Slag recovery section right + half of back side
Slag recovery section left + half of back side
Precombustor + secondary burner

Slag tap

O~ Wb
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HEALY TE5TS TEST SUNNARY I Pgs: H Revigion: 1

Date: 5/16/91
TEST: 30884 Date  B4/12/01
PURPCSE: DEMONSTRATE SYSTEM QPERABILITY

LOAL: Sourse: HEALY PERF BLEWD
E1tipate Analysis Applied
forzosrtion (1) - Carton: 41,450 Hydrogen: 3,420 Ouygen: 15,950 Nitrogen: 0730 Sulfur: 0,340
Woisture:  10.230 Ash:  21.060 1250 (calc, deg F): s WMy (Btu/1b): 1988

LINESTONE: § Cally. WA SATURAL 6AS: Btu/1b
Hydrogen (8 W2/$ ¥G):

TEST PARAMETERS - CONBUSTER FIRING CONFIGURATION:

Duration {rins): % Section; 1 0F 1 Tine of Test:  11:%0
FLOW RATES:
foz] PC (4/hr) §59.000 L§ (¥/hr) Total Air (8/he}  17316.644
arrier dsr PC {sefh)  12599.000 LS Spift (IM) Stoi Air (8/hr)  15045.856
Gontustioe Air PC (kpph) 4,380 ¥ Nozzles Xess Air 5B (#/hr) 2250988
Wix Bustle Air PC (kppht 4,460 Carr'r A/LS (stfn) 0.000 Tota] Coal ($/hr} 2517,300
Coa' W (4/hr) 1554, 300 C.A. Press {psig) EBdc NzD Bia  0.375 Total Gas (B/hr)  13393.80¢
Carrrer Air MO (scfh)  21740.000 Nozzles (threat): 1 02 post 58 {mbn .57
Cdn Atr Sec Brer {koph) 5,873 Injector (tube): Lotl Split #C (3, 36,096
2/ Ratio /A La vtilization, 3
STIICHIIMETRI: ATF: {for Coal 5,488 SCFH 3 #/hr 0.076
STOICH, AIR: (% air/# tot “ye)) 5,983
PAI's:  PLE g 9.930 Cing Cale (Btu/sec)  361.030 Clng %eas (Btu/sec) 583.885 Flow #/sec
P pti 1,705 Total flow assused equal over £11 8 circuits:
L[ 9.760 FLUX {Btu/fti-set):
Qveral! chi at Se¢. Brar 1,148 1Al 1,368 Al 1,760 33 BAF 2.030 94 SRS
5 SRS 4076 B SRS 248 ¥TPCET 1,003 w9 TAP
ENCSSIONS:
At stach Ay mas. Y B M ale 8B 02 /W8ty
020 6,130
¢ (ppe) 104,000 125441 129.054
Nox (ppe) 122,900 141,680 151,345 0.28
§02 w/18  (ppr) 287,700 348,258 380,018 .11
§92 w/o LS (par), cale  331.811 40510 He034
ATR TEMPERATURES {deq F):
Air Preheat Inlet 112,700 Prehost Qutlet 362.000 Asbient 17,000
FLUE GAS TEMPERATURES (deg F): BATURAL GAS INPUTS:
FG Air Preheat Inlet S§79.700 FG Preheat Outlet 393,700 N Gas Mtu/hr__ tof Tetal Load:
STEANS (KPPH): Boiler 15,570 Flash Tesk 2,000 Tota] Stewn 17,784
Press. (psig): Boiler 103.000 Flash Tenk 103,000
Temps. (dg F): Boiler 338.000 Flash Tank  338.000 Feed K20 (deg F) 212.000

CONELSTOR LOARS:  Coal - MMBtu/hr 20,108 Coeling (Coal + W Gas) - & 0447 Cooling W20 Inlet (deg F) 342,300
Coal + M. Gas - WMBtu/hr 20,108

RESULTS: Steam Gen Eff'cy (50 82,986 Fuel to Steas Flow Corr.  0.929
foiter Efficienzy (3) 8.832 ¥ S02 Reduction 13.931 Intrusion Air {B/hr} 4401.39

REKARXS: TEST CONDITIONS: WEOIUN LOAR AT PRI:.B

Stoteh air (F air/# NG):

200

2180
.m

/A

BS



HEALY TESTS TEST SUMMARY I Pgs: ! Revision:

Date: 5/16/¢1
TEST:  308-H1k-1 Date 04/ 1/01
PURPOSE:  CEMORSTRATE SYSTEM OPERABILITY

0AL: Source: HEALY FERF SLEND
Uttmate Analys:s Appdied
Coeposition (%) - Carbon:  47.450 Hydrogen: 3,820  Ouygen: 15.980 Nitrogen:  0.730  Selfur: B30
Noisture: 10830 Ash: 21,060 T250 (calc. deg F): 15 HY {Btu/1b): 1908

LENESTOME: § a3 WA RATURAL GAS: Bty/1b
hydrogen (3 %2/% %G):

Stoich air (# air/$ NG):

TEST PARANETERS - COMBUSTOR FIRING CONFIGURATION:

Buration (wins): 5 Section; 10F 1 Tine of Test:  16:30
FLON RATES:
foa’ PC (4/h1) §13.300 LS (3/hr) Total Air ($/he)  17853.544
Carrie= Afr PG (sefh)  12500.000 18 Split (I/K) Stod Afr (3/nr)  14724.520
Combustien Air PC (kpph} 4,800 1 Nozztes Aess Air 5B (#/hr) 3229.144
Nir Bustle Air PC (kppn}  6.910 Carr'r /LS (scfh) 0.000 Tots} Coal (#/kr)  2460.300
foal M (4/nr) 1522.000 C.A. Pross (psig)  Edc Nz) Qiz 0375 Tota) Gas (#/hr)  15895.808
Carmier Air WO (scfh)  29720,000 Nozzles {threat): 3 02 post 58 {mhn 1,548
Cran kir Sec Brnr (koph) 4,430 Injector (tube;: Coal Spiit PC(Y) 28,138
Ca/S Ratio | 1) Ca Utitization, §
STOCCKIONCTRIC AIR: (far Coal) 5,983 SCFH to #/hr 0,076
STOICH. AZR: L# arr)¥ tot fuel) 5,988
Ml's: Pl b 1,003 Clng Cate (8tu/sec)  241.920 Clng Meas (Btu/sec) S10.611 Flow 9/sec  26-800
PC ghi PR Total flow assumed equal over )1 6 ¢ircuits:
N phi 0,818 FLUX (Btu/ft2-sac):
Qverall phi at Sec. Brar 1,218 $1 AL 0.871 1Al 1,330 3 BAF 1.633  #5RS 2,010
35 SRS IXK k6 SRS 1,269 BT PCET  0.060 49 Tap 1.498
EFISSIONS:
At stach As mets, [ At Calc 5B 02 §/MBty
g2 (% §.210
£ {ppm) 6.210 1.589 1,19
Kox  (pae: 174,300 212,90 208,542 0.3
S0 w1 (pomd 174300 335,402 328,513 0.704
502 w/o LS (ppm), cale 334,802 405,101 Wi
AIR TENPERATURES (deg F):
Air Preheat Inlet 114,700 Prehest Outlet 272.000 Anbient 77,000
FLUE GAS TEMPERATURES (deg F): NATURAL GAS TNPYTS:
FG Air Prokeat Inlet 593.300 FG Preheat Octlet 392,300 KoGas Btu/he___ % of Tota) Load: N/A
STEAMS (KPPH): Boiler 15.870 Flash Tamk 1,820 Tota! Stens 47,400
Press. (psigl: Boiler 103,000 Flash Tenk  103.000
Teaps. (dg Fl: Boiler 334,000 Flash Tank 339,000 Feed W20 (deg F) 212,000

COWEUSTOR LOADS:  Coa! - WMBtufhr  19.683  Cooling (Conl + K Gas) - % 9.383  Cooling H20 Inlat (deg F} 344.D00
onl + W, Gas - MNBtu/hr 19,853

RESULTS: Stear Gen EFf'cy (Y) 22,760 Fuel to Stem Fiow forr,  0.499
Boiler Efficiency (§) 81.901 % 502 Reduction 11,282 Intrusion Air (B/hr) 348C.09

RERARKS: TEST CONDETIONS: KEDIUM LOAD AT PHI=.¢
SWIP. DANPER SET AT VEL. OF 280 F1/§



HEALY T2875 TEST SUNMARY I Pgs: 2 Revision; !
Date: 5/16/¢1
TE8T: 409-113-2 Date 04/12/81
PURFISE:  DEMONSTRATE SYSTEN OPERABILITY
COAL: Sourze: HEALY PERF BLERD
U1t mate Analysis Applied
Composition (%) - Carbom: 47,450 Wpdrogen: 3,820 Quygen: 15,980 Witrogen:  OTO0 Suifur: .34
Noistore: 10,830 Ash:  29.060 7250 (calc. deg F): s Y (8tu/1b): 1488
LINESTORE: % Cal0d: /A NATURAL GAS: Btu/ib Stoich air (# air/$ KG}:
Hydrogen (8 H1/8 W0):
TEST PARAMETERS - CONBUSTOR FIRING CONFIGURATION:
furation (wins): 92 Section: 1 0F 1 Tise of Test:  20:18
ELON RATES:
Coal PC (/1) 1013.300 LS (4/hr) Total Air (4/hr)  18002.544
Carraer Air P2 {scfR)  12500.000 1§ Split (I/n) Stof Air ($/hr)  15119.520
Conbustion Air PC (kpph) 5,280 § Ko72les Noss Air SB (M/hr) 1084124
ki) Bus:le Air PC (keph) 1,110 Carr’r A/LS (scfh) 9.000 Total Coal {8/hr}  2526.300
Coal NC (#/hr) 1913,000 C.A. Press (psig) Edc Mzl Din  0.37% Total Gas (#/hr}  20147.908
farrier Air NC (sefn)  21m10.00¢ Nozztes (throat): % 02 post S8 Cabr 1,33
Cobn Air Ses Brar (kpph) 3,440 Injector (tube): Coal Split PC (%)  40.140
{45 Ratie /A Ca ttitization, ¥
STOLCRIONETRL TR (fer [oal) 5.985 SCFK to Bihr 0.076
STOICe, AIE: (0 air/$ tet fue?) 5,985
PHl's: PO pi 1.028 Cing Celc (Btufsec)  353.880 Clng Meas (Biu/sec) 617.222 Flow 3/sec 28:80¢
Poopm 2.0 Tota) flow assused equal over 831 3 circuits:
L [ b398 FLUX (Btu/ftz-see):
Dverall ph1 at Ser, Brar 1204 1Al gt Al 1,260 83 BKF .6 MRS 330
5 SRS kIR H] IR 2.9 MPOET 1000 SO TAP 1.362
ENISSIONS:
ke stack AS peds, MR M taie 5B G2 /M3ty
0w 6.310
0 (ppw) 0.000 0.000 0.000
Nr (ppe} 147,300 180.4%0 1127 0.21m2
§62 908 (ppmd 291,300 154,431 150,288 h.748
$0¢ wio LS (per), c2lc  333.942 405.101 187,088
AIR TENFERATURES (deg F):
Air Prahest Inlet 108.000 Prahaat Outlet 375.000 dnbient 17.000
FLUE GAS TENPERATURES (deg F): NATURAL GAS IWPUTS:
FG Air Prahent Inlat 609.300 FG Praheat Outlet 400.000 N Gas WBtu/hr_____ % of Tota) Load: N/A
STEANS (KPPH): Boiler 15,050 Fiash Tenk .10 Total Steas 18,250
Prass. (psig): Boiler 103,000 Flash Tank  103.000
Teaps. (dg F): Boiler 330.700 Flagh Tank 330,700 Fead H20 (deg F} 212,900
CONGUSTOR LOADS:  Coal - WMBtu/hr 20,180  Cooling (Coa) ¢ K Gas) - % 11011 Cooling K20 Inlet {deg F) 343.000
Coz” + N, &as - WMBtu/hr 20,180
RESYLTS: Stear Gen Eff'ey (3) 02.602 Fue! to Stewm Flow Corr.  £.903
Boiler Efficiency (%) 81,410 % S02 Reduction 11,384 Intrusion Air (B/hr) 3867.70
RENARKS: TEST CONDITIONS: WEDIUM LOAD AT PHI=1,

SNLR. CAMPER SET AT VEL. OF 250 FT/§
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HEALY TES?S TEST SUMNARY 1 85 2 Revision: 1,
Pate: §/16441

TEST:  41-KHd Date  D4/13/01

PURFOSE: DEMORSTRATE SYSTEM OPERABILITY

COAL: Source: HEALY PERF BLEND
U1t mate Analysis Applied
Coppasition (%) - Carbon:  47.450 Hydrogem:  3.626 Orygen: 15,980 Nitrogen:  6.730 Sulfur:  0.340
Noisture:  10.830  Ash: 21,080 T250 (calc. deg F): 3] HHY {Btu/1b): 1488

LINESTONE: $al0l: WA NATURAL GAS: Stu/W ___
hydrogen (¥ H2/¥ WG):

Steich air (k air/0 NG);

TEST PARANETERS - COMBUSTOR FIRING CONFIGURATION:

Burgtion (mins): n Section: 1 0F 1 Tine of Test:  12:00
FLON RATES:
Coa' PC (#/hr) 120,900 LS (#/hr) Total Air (8/he)  24053.644
sarrier hir P (sefh) 12560000 LS Split (I/K) Stoi Air (#/hr)  10630.830
Combisiion Air S (kpph)  6.300 § Nozzles Xess Air 8B (#/hr) S422.%
Wix Bustle 4ir PC {ipph) §.150 Carr'r ALS {sefh) 0.000 Tots) Coa) (/hr) 3115000
toal M {g/hr) 1813.00¢ C.A. Press (psig} Edc Azl Dia  0.375 Total Gas (#/hr)  26511.046
Carrier hyr W2 (scft)  21710.000 Ko2ies (throat): X 02 post $B Cabn {468
Cebn Arr Sec Brar (kpph) 5,398 Injector {tube): Lot) Split PC (3} 38.548
0a/S Ratio NA Ca Utilization, §
STGICNIONETRIC ALE: (for Coal) §.985 SCFH to a/hr 0,016
STOICE. AIR: (8 21r/8 tot fuel) £.085
MI's:  PLC gt 1,010 Cing Calc (Btu/sec)  324.000 Clng Neas (Btu/sec) 503.356 Flow #/sec  28.80)
B¢ p1 2.368 Toza) flow assumed agual over a)) & circuits:
Kl phi 1.002 FLUX (Btu/ft2-sec):
Svereil phi at Sec. Brar 1.2 4l 0.581 1Al 0.942 43 BAF 31,093 b4 SRS 3.268
IR 2.688 15 SRS .20 STPCET 1,387 B3 TAP 0.454
EXISSIONS:
Bt stace As Beas. A3 02 At Calc S8 02 /Mty
oy b.420
¢ (pen; 163,500 188,554 113,261
Nx  (ppr) 146.000 180.000 165,319 0.270
502 w/1S8  (ppm) 15,700 364,268 334,589 0.162
502 w/c 18 (ppm), cale 253,505 405101 3,538
AIR TENPERATURES (deg F):
Air Preheat Inlet 97,300 Prehedt Outlet 17,700 Aabient 17.000
FLUE GAS YEMPERATURES (deg F): NATURAL GAS INPUTS:
FG Air Preheat Infet $99.700 FG Praheat Outlet 440.780 N Gas WBtu/he____ Y oof Total Load: W/A
STEAKS (KPPH): foiler 20,320 Flash Tank  2.080 Total Steam 22,400
Press. (psig): Boiler 103.000 Flash Tank  103.000
Temps. (84 F): Boiler 330,000 Flash Tank 338,000 Feed H20 (deg F) 212.000

COMBUSTOR LOADS:  Coa) - MBty/hr 24,57 Cooling {Coa) ¢ W Gas) - %  &.440  Cooling W20 Inlet (deg F) 342.000
foal + N, Gas - MBiu/hr 24887

RESULTS: Steer Gen Eff'cy (3) 01,710 Fuel to Steem Flow Corr,  0.886
Boiler Ffficiency (¥) 80.928 % 502 Reduction 10,438 Intrusion Air ($/hr) 1502.40

REWARKS: TEST LONDITION: MAXIMUN LOAD (30 WKBTU/HR} AT PHI:.9
0K, FEED VALYE SPEED 24.5%, SWIRL DANPER AT ¥:230 F1/$



HEALY T281§ TEST SUMMARY t Pgs. 2 Revision: |

Date: 5/16/41
TEST:  402-H1d-1 Date Q41501
PURPOSE: DEMCNSTZATS SYSTEM CPERABILITY

COAL:  Source: KEALY PERF BLEND
U1timste Analysis Applied
Composition (3) - Carbon:  47.4SC Nydrogem: 3,620  Oxygen: 15,980 Nitrogen:  9.730 Sulfur; 0,340
Noisture: 10,830 Ash: 21,060 1250 {calc. deg F): M8 KHY (Btu/1b): 1988

LINESTORE: ¥ Cat0d: WA NATURAL GAS: 8tu/th
Hyérogen [§ 42/8 NG):

Stoich air (8 air/8 ¥N6):

TEST PARANETERS - COMBUSTOR FIRING CONFIGURATION:

Durztior (mns): tH] Section: 10F1 Tine of Test:  15:00
FLON RATES:
Soal PL (#/hr) 1200. 000 LS [#/hr) Tote] Air (8/hr)  28153.64
Carrier Air 20 (sefh)  12500.099 L§ Splis {I/K) Stei hir (B/hr}  18481,209
Corbustion Atr PC (kpph)  6.280 § Nozzles ess Air 5B (3/ke) 672,435
Kix Bastie Kir PO (kppt)  §.290 fare'r &/L8 {sefh) 5,000 Tote) toal (M/hr)  3088.000
foz NC (/hr) 1888.000 E.A. Press (psig)  Edc Mzl Dia 0,375 Totz) Gas (#/hr)  28581.31
Carrier Ao WO Is2fh) 29745000 Nozzles (threat): % 02 post 58 {ebn 5,852
Cnbs hir Sez Brar (kpph) 050 Injector {tube}: Coat Sphit PC (3} 38,860
La/§ fatie N Ca Ytilization, §
STAICHITNETSIC ATR: (for Ceal) 598 SCFH to #/hr 0.076
STRLUH, AR ' aar/y tot fuel) £,98% _
PHI's:  PLC phe 1.007 Clng Calc (Btu/sec) 378,000 Clng Weas (Biufsec) 660.702 Flov #/sec 26.300
PC ph 2.0 Total flow assumed equal over ail 8 circuits:
K pr 0,98 FLUX (Btu/ftd-se2):
Cvera’i phy at Sec, Brer 1,418 H Al 0.4 Rl 0.442 1) Qi LAWE KWS L
15 SRS 4.203 1 5RS 2062 $7TPCET 13817 #3TAP 1,362
EKISSIONS:
At stack As 385, At 3302 At Calc 58 02 LN
028 5,800
¢ {ppr) 54,550 64,711 54,428
KSx ippm) 181.500 214,934 180,783 0.3
§02 /LS {ppn) 211,500 321,513 270,397 0.669
802 w/o LS (pom}, calc 344,908 405401 3.5
AIR TENPERATURES (dug F): :
Air Preneat Inlet 104,900 Prehest Outlet 363.000 Aubient 77,000
FLUE GAS TENPERATURES (deg F): NATURAL GAS INPUTS:
FG Air Preheat Inlet $30.000 FG Prebedt Gutlet 390.000 K. Gas MEtu/hr_____ % oof Total Load: N/A
STEANS (KPPH): Boiler 20,845 Flash Tank 2,386 Total Stean  23.200
Press. (psig): Boiler 183,000 Flash Tenk  183.000
Temps. (dg F): Boiler 338.000 Flash Tank 238,000 Feed H20 (dog F} 212,000

COMEUSTOR LOACS:  foal - MNBtu/hr 24.867  Cooling (Coal + N Gas} - % 9.543  Cooling WD InTet (deg F) J44.000
feal + K. Geg - MMBtu/he 24,467 )

RESLLTS: Steam Gen Eff'cy (3) 83,202 Fuel to Steas Flow Corr,  0.874
oiler Efficiency (%) 82.428 % 502 Reduction 21,300 Intrusion Air (#/hr) -110.02

RENARKS: TEST COKDITION: REPEAT OF TEST 401-H1d

B9



NEALY TESTS TEST SUNMARY I P 2 Revisicn: 1

Date: 8100
TEST:  dbd-Hid-? Date  Q4/15/9
PURPCSZ:  DENORSTRATE SYSTEW DPERABILITY

{0AL:  Source: HEALY PERF BLEKD
Ulttmate Analys:s Applied
tomposition () < Carbon: 47,450 dydrogen: 3,620 Osygen: 45,980 Witrogem:  0.730 Sulfur: 0348
Ncisture:  10.830  Ash: 21,060 T250 {cale. dog F): i KV (8tu/Td); 1988

LINESTONE: $ Cal0d: Nk NATURAL GAS: Btu/1d
Hydrogen (3 H2/8 NG):

S§toich air (¥ aie/B NG):

TEST PARAMETERS - COWBUSTOR FEREMG CONFIGURATION:

Byration (ming): 1 Section: 10F1 Time of Test:  12:20
FLOW RATES:
Ceal P {#/hr) 1200000 LS (a/nr) Totzl Air (B/hr) 26333644
Carrier hir P (scfR)  12500.008 LS split (I/N) —_— Stoi Air (8/hr)  19438.784
Sombustian hir BC (hpph) 6,540 1 No2zles - Xess Afr 883 (#/hr) 6894.850
Wix Bustle Air PC (kpph)  B.530 tarr'r A/LS (scfh) ¢.00¢ Total Coal (#/hr}  3248.000
foa” NC (/07 2042.000 C.A, Press (psig) Ede Nzl Bia  0.378 Tota) Gas (B/hr)  28897.515
Carrier Af™ HC (scfh)  291710,000 Nozzies (thrast): 1 02 post S8 {adn g
ot Alr Sec Srar (kpph) 8550 Injector (tube): Coal Split P¢ (%) 16,948
(a/S Ratio k/A Ca Utilization, %
STOLWIONERIC #IR: (For Coa") L9 SCFH to #/hr 0.018
STIICH, AIF: (8 wor/B tet fuel) 5,985
PHL'ss  BLT phd 1.044 Cing Cale (Btu/sec)  20B.000 Cing Weay {Biufsec) 568,720 Flow #/ser 20.300
pe phi 2,04 Tota? flow assused equal over a1l § circuits: '
woom g.81¢ FLUX {Btu/t2-sec):
Overall g% at Ses, Brar 1,358 3 Al 0.5 n2 Al 1177 43 lf 2,000 BSRS 3432

$SORS 2319 #6 SRE  LTHE BT PCET 0280 M TP 0.900
ERIESI0NS:

At stack is umess. At 3% 02 At Cale 58 02 sty
02 13 B.100
(c (eom 1,000 .46 1.411
N (per) 181,00¢ 118,858 191.78% 0.328
802 w8 (ppr) 274,000 331.001 290,333 €691
§0: w/o LS (ppel, cale 338446 405,101 357,550
AIR TENPERATYRES {deg F):
hir Preheat Inlet 108,000 Prehest Qutlet 361,000 fsbient 17.000
FLUE GAS TEMPERATURES (deg F): NATURAL GAS INPUTS:
RG hir Preneat Inlet 642,000 FG Prahaat Qutlet 302,000 N, Ges NBtu/hr % of Total Load: /A
STEMNS {kPPH): boiler  21.430 Flash Tank 2,620 Totad Stear 23,450
Press. {psigh: Boiler 183.000 Flash Tank 103,000
Tepps. idg F): Boiler 339.000 Flash Tenk  33.000 Fosd #20 (deg F} 212.000

CONBUSTOR LDADS:  Coal - WMBtu/hr  25.%45  Cooling (Coal + W Gas) - % 1.064 Conling HG Inlet (deg F) 2343.000
Coal + k. Gas - MMBtu/hr 25,945

RESULTS: Stear Gen Eff'cy (1) 83.3T1 Fusl to Steam Flow forr. 0,912
Boiler Effigiency (%) 82,869 ¥ 502 Reduction 18.79% Intrusion Air (3/hr) 1630.23

RENARKS:  TEST CONDITION: MAXIWUN LOAD (30 WWBTU/KR} AT PHI:.®, REPEAT OF TEST 401-H14 WITH HIGHER
NEYERS VALVE SPEED, COAL FEED VALYE SPEED=24.3%, SWIRL DANPER AT v=00 FT/§

B10



BEALY TEETS TEST SUKKARY ' Pys: 1 Revisign: 1

Date: §/16/41
TEST: 408-H1E fate  G4/1E/%
PURPOSS: DFWCKSTRATE SYSTEM OPERABILITY

COAL:  Source: HEALY PERF BLEND
b1tinaze Analysis Applied
tompositior (%) - Carbon:  47.480 Mydrogem:  3.620 Dxygen: 15,980 Nitrogem:  0.730 Sulfur:  0.340
Noisture:  10.830  Ash: 21,060 T250 (calc. deg F): ms HHY (Btu/1b): 1488

LENESTORE: 1 ashd: WA RATURAL GAS: Btu/1b
Hydrogen (B H2/¥ NG):

TEST PARAMETERS - COMBUSTOR FIRING CONFIGURATION:

Dyration (atns): 1 Section: 10F 1 Tine of Tast:  16:00
FLOW RATES:
Coal 50 (#/hr) 1192.900 IS (d/he) Tetal hir {M/he)  22583.644
farrier air PO fsefn)  12650.000 L§ Splat (1/W) Stoi Air (B/nr)  18624,845
font.st-on Air PC (kpph} 6,800 § Nozzhas Aess kir 5B ($/hr} 3958.799
Wix Bustle Air PO (hpph) 100 tare'r A4S {scfh) .00 Tetal Loa) {Whr) 112,000
Loal NC (#/tr) 1420.000 C.A, Press (psig) Edc Mz) iz 0.375 Tota) Gas (#/hr)  25040.287
Carrier Ao WO (sefh) 21710000 Kozzles (threat): ¥ 02 post 5B Cabe 3.48]
Cebn Arr Sec Brar (kpph) 6,160 Injector (tube): Coa! Spiit PC (X)  38.3m
Ca/$ Ratio [T o Utilizatien, 8
STCICHIOWETFZZ ATP: (for Coal) 5.988 SCFK to #/hr 0.07¢
TR, KIR (8 atr 4 et f!) §.988
PHI's:  PCC pho 1,087 Clng Calc (Btu/sec) 0.000 $lng Meas (Btu/sec.  0.000 Flow &, sec
PC chi 2,070 Tota! flow assumed equal over 211 8 circuits:
N ps 0.802 FLUX (Btu/ft2-sec):
Overall pni &% Sec, Bror 1,213 $1 A1 6.000 $2 Al 0.000 B3 BAF 0.000 B¢ SRS
15 SBS 0.000 #5 SRS 6,000 #7PCET 0,000 % TaP
ERISTIONS:
Bt stack As meds. At 0 At Cale 50 2 #/Bty
022 (%) §.250
(¢ {pem) 3,300 4.0 1.926
A (pon) 150,000 183,051 118,440 0.275
502 w/LS  {ppe) 251,000 318,508 10,485 0,668
§02 wio LS (ppei, cale  335.0Y 405101 195,381

AR TENPERATURES (deg F):

hir Prehsat Intet Preheat Outhet__ Aabient 11,000
FLUE GAS TEMPERATURES (deg F): NATURAL GAS IWPUTS:
FG Afr Prahaat [alet FG Preheat Outlet_____ K. G1s MBtu/hr % of Tota! Load:
STELNS (¥PPH): Joiler 20.890 Flash Tank Tote! Stesw 20,890
Fress. {psig): Boiler 103.000 Flash Tank  $93.000
Temps, (dg F): foiler Flash Tank Feed W20 {deg F) 212,000

COMBUSTOR LOADS:  Coal - mmBtu/nr 24859  Cooling (Coal + N Gas) - % 0.000  Cooling W20 Intet (deg F)
Cout + N, G2 - WNBtu/hr 24,859

RESULTS: tean Gen Eff'ey (%) 99,428 Fuel to Steas Flow Corr, 1,138
Joiler Effictency (%) 96,408 % 502 Reduction 21,488 Intrusion Adr ($/hr) 4490.5¢
REMARKS: TES™ CONDTTION: MAXINUN LOAD (30 WMBTU/HR} AT PkI:.9

COAL FEED VALVE SPEED = 24.3%, SNIRL DANPER AT 300 F1/8
B11
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REALY TESTS TEST SUNNARY ¥ Pgs: 2 Revision: !
Date: §/16/91

TESY: dfE-u18 Date TTAREL
PURPCSE: DENONSTRATE SYSTEN QPERASILITY
£0AL;  Source: KEALY PERF BLEND

Uitirate Analysis Applied

Compesitian (X) - Carbom: 41,450 Wydrogen: 3,620  Oxygen: 15,980 Nitrogen:  0.730 Sulfur,  0.340

Moisture:  10.83G  Ash; 21,060 T250 (cale. deg F): s HAV (Btu/1b): 1988

LINESTORE: 1 a003: WA NATURAL GAS: Btu/1b Stoich air (8 air/# NG):

Bydrogen (0 H2/8 NG):

TEST PARAMETERS - COMBUSTOR FIRING CONFIGURATION:

uration (wins): k)| Sattion: 1 0F 1 Tine of Test:  10:00
FLOY EATES:
Gogl PC (#/hr) 1491, 500 LS (afht) Total Air (8/hr}  27088.644
Carrier Atr PC (sefh)  12500.00C L§ $plit (1/K) . Stoi kir (#/hr)  20260.640
Corbustson Air BC (kpph) 6,240 § Npzzles Xess Air 58 (B/hr) 4828.004
Wix Bustle Air PO (ipsh) 11,280 Larr'r A/LS (sefh) 0.00¢ Total ol (88}  3719.800
Coal K (d/nr) 2228.000 C.A. Prass (psin)  fde N1 Dia 0,375 Total Gas (d/hr)  30024.817
Lerrier Air KD [5cfh)  21740.000 Kozles (throas): % 02 post $B Cadn 150
Cabn Air Sec Brar (kpph)  6.93% Injector {tube): toa] Split P (Y} 40.09%9
Ca/8 fatio /A Ca Utiliration, ¥
STOIC-IORETSIC ATR: (for (o2l 5,988 SCFH to #/br 0.07%
STOICH. AIR: [ a17/9 tot fuel) 5,085
PRl's:  PCL pi 0,812 Clng Calc (Btufsec)  401.400 Cing Neas (Btu/sec) 580.750 Flox #/sec 2E. 000
P ph 2An Total flow assumet egual over 211 9 circuits:
W0 phi 0,903 FLUX (Btu/ft2-sec):
Iverell phi at Sec. Brr 020D 1Al 0.218 R Al 0.765 33 BAF L2000 MSRE 8T8
B5 SRS 1BES RO SRS 1B MTRLET ot BT 0.1
ERISSIONG;
Ay stazk As peas, At 3802 At fale 50 02 /Wty
g2 18 6,300
0 () 12.000 14,84 14,278
N (por) 190.500 233,268 ¥{ 9+ 0.1
2 afs fppe) 274,500 i 328,583 0.10%
§0Z w/o 1§ {ppr;, cale  3AET 405,101 194,082
AIR TENPERATURES (deg F):
Air Preheat [nlet 100,500 Preheat Qutlet 368.500 hubient 77.000
FLUE GAS TENPERATURES (deg F): NATHRAL GAS INPUTS:
FG Air Pradext Tnlet 652,500 FG Proheat Outlet 394.000 N, Ses mdtu/hr t of Total Load: N/A
STEANS (KPPH): Boiler 21,185 Fiash Tank 2,970 Tolal Ste;m 20,24
Press. (psigh: Boiler 103.000 Flash Tank  103.000
Temps. (49 F): Boiler 336.500 Flash Tank  236.400 Fead H20 (deg F) 212.000
CONBUSTOR LOACS:  Coal - WMBty/nr 29711 Cooling (Coal + N Gas) -3 1,037 Cooling M0 Inlet (deg F) 341.509
Loal + K. Gas - meBtu/hr 20711
RESULTS: Stear Gen Eff'cy (%) 82078 Fuel to Steaw Flow Corr, 1,050
Boiler Efficrancy {3} B82.488 502 Reduction 17.13% Intrusion Air (B/hr) S384.46

REKARKS: TEST CONGITICN: WAXIMUM LOAD (30 WNBTU/HR) AT PHI:.9

COAL YALVE SPEED : 24.8%

812



HEALY TESTS TEST SUNNARY ¥ Pgs: 2 Revision: 1

Date: §/16/41
TEST:  dOT-HET Date  04/17/91
PUPPSSE: DENGHSTRATE SYSTEM OPERABILITY

COAL:  Source: HEALY PERF BLEND
Ultinate Analysis Applied
Cowpos<tion {%) - Carbom:  47.450 Wydrogen:  3.620 Oxygen: 15,980 Nitrogen: 0730 Swlfur:  0.340
Noisture:  10.830  Ash: 21,080 T250 (cale, dug F): 15 Y (Btuf1b): 1908

LINESTONE: 1 at03: WA NATURAL 6AS: 9tu/tb Stoich eir (¥ air/d K6):
Hydragen (4 H2/4 WG):

TEST PARAMETERS - COMBUSTOR FIRING CONFIGURATION:

Duration (rins): 1 Section: 10F 4 Time of Test:  13:00
FLOY RATES:
Coal PC (#/hr) 1367.500 1S (3/hr) Total Afr {#/hr) 21980644
Carrier dir PC (scfh}  12500.000 L8 Split (I/N) Stod Afr ($/hr) 20541401
Loebustion &ir PL [kpph) §.368 i Noztles Xess Air SB (B/hr) 4646.TH]
K1z Bustle Adr PC (kpph)  4.15% are’r A/LS (scfn) 0.009 Total Coal (#/hr)  3766.500
foal NC (4/%r) 2399. 600 £.A, Press (psig) Edc Wz Din  0.375 Total Bas (B/hr) 30161.91%
Carrier Air NC (szfh)  21710.000 kozz1es (throat): % 02 post S8 Cabn 3,368
Cbn Air Sec Brar (kpph) 9,085 Injector (tube): Coal Sprit PC (X) 36,307
{a/5 Ratio (¥ £a Ytilization, ¥
STOICHIOWETAIT ALB: (for Coal) 5,985 SCFH to #/hr 0.07%
STOIOH. ALR: (# airs tot fyel) 5,088
PHI's:  PLC phi 0.834 Cing Calc {Btufsec) 273,600 Cirg Meas (Btu/sec) 541.083 Flow #/sec 28.800
PC phi .01 Total flow tssumed eque) over al} & cireuits:
¥ pri 1.8 FLUn (Btu/fra-sec):
veralt phi at Sec. Brnr 1,206 $1 A 0.363 924l 0.706 13 MF 2,916 B4 SRS L.
35 SRS .531 46 SRS 1,348 BT PCET 1067 MO TAP 0454
ERISSIONS:
Mt stack As mess. A 3% 02 At Cale 88 02 bty
02 (%) 5.900
0 (ree) 82.000 104,901 102.112
K (Gom) 200.500 239,001 25,18 0.360
802 /L8 (pom) a82.000 336,154 324358 0.70%
S02 wio (8 (ppw), calc  J42.78% 405,101 .
AIR TENPERATURES [(deg F):
Air Preheat Inlet 102,500 Praheat Outlet 377.000 Ambient 77.000
FLUE GAS TENPERATURES {deg F): NATURAL GAS INPUTS:
FG Afr Preheat Inlet 662.500 FG Preheat Outlet 197,500 N, Gas mitu/hr__ % of Total toad: WA
STEANS (%PPH): Joiler 21688 Flash Tenk 1,950 Tota) Stean  23.63%
Press. (psig: Boiler 103.000 Flash Tenk  103.000
Teeps. {dg F): Boiler 340.000 Flash Tank 340,000 Feed K20 (deg F) 212.000

CONBUSTOR LOADS:  Coal - WMBty/hr  30.087  Cocling fCoal ¢+ N Bas) - %  6.546  Cooling H2D Inlet (deg F) 344.500
foal + K. Gas - WMBtu/br  30.087

RESULTS: Steam Gen Eff'cy (3) 82,938 Fuel to Steam Flow Corr. 1,046
Boiler Efficiency (x) 82,708 % SO2 Reduction 17.095 Intrugion Air {#/hr) 4795.4

REMARKS:  TEST CCNDITION: WAXINUM LOAD (30 WNDTU/MR) AT PHI:.

0AL VALVE SPEED = 24.%%
B13



HEALY TESTS TEST SUNNMARY ¥ Pys: 2 Revision: 1 .
Date: §/16/41

TEST:  4Ge-Htd Date  B4/11/0

PURPGSE: DENONSTRATE SYSTEN OPERABILITY

COAL:  Source: WEALY PERF BLEND
Ultinate Analysis Applied
foppasition (%) - Carbon; 47,450 Nydrogen:  3.620  Oxyger: 15,980 Nitrogen: 0,730 Sulfur: 0.340
Noisture: 10,830 Ash: 21,060 7250 (ctl¢. deg F): M HHY (Btu/1b): 1988

LINESTONE: 3 Caldl: W NATURAL GAS: Btu/1b
Hydrogen (B HZ/8 NG):

Stoich air (# air/t NG):

TEST PARANZTERS - COMBUSTOR FIRING CONFIGURATION:

Duration (mins): i Section: 1 OF 1 Tine of Tast: 1700
FLOW RATES:
Coal PC (B/hr) 1272.000 LS (4/hr) Total Air {#/hr)  21472.64d
Cerrier dir P (sefh)  12500.000 LS Split (I/N) Stoi Air {#/hr)  22938.92(
Corbusttor Air PC (Epph) 6,280 ¥ ln2zles —_— Xess Air §B (#/hr) 482372
Nix Bustle Air PO (kpoh) 11,430 arr’r A/LS (scfh) ¢.200 Total Ceal (8/hr)  3833.000
Coal G (7hr) 2561.000 C.Ah, Press (psig)  Ede Nzl Bia  0.375 Total Sas (#/hr)  20483.44
Careter Air MG (sefh)  21710.000 Nozzles (throat): 3 02 pos: §8 Cabn L
Cedn k1r Sec Brar (kpph) 1,140 Injector (tube): Coad Split L (%) 33,185
ta/s Ratio (1 Ca Utilization,
STOICHIONETAIC AIR: (for Coal) 5,985 SCFH to #/hr §.016
STOICh. ALR: B 2ir/$ 1ot fuel) 5988
PHI's:  PCC phi 0.950 CIng Calc (Btu/sec) 0.000 Clng Meas (Btu/sec)  0.000 Fiow B/sec 20.800
P phi 2,482 Total flov sssumed equal over 211 8 circuits:
NC phs 0.80% Fult {Btu/ft2-sec):
Qverall pia at Sec. Brir 1.148 H AL 5.000 # Al 0,000 83 BAF 0.00C 4 SRS 6. 000
$S SRS D000 MG SRS 0,000 OTPCET  0.00C 49 TAP  0.000
ENISSIONS:
At stach A5 pess. At 3302 At Cale 5B D2 3/Mbty
02 (% £.900
{0 {ppr) 1.300 1.560 1.837
M (poe) 212,000 210608 266,92 0,408
§02 w/lE  {ppm) 267,600 340,851 .M 0.11%
802 wio LS (ppr), cale 321,288 405. 101 399,782

JIB TENPERATURES (dg F):

Air Preheat Inlet Prehaat Outlet Anbient 17.000
FLUE GAS TEMPERATURZS (deg F): NATURAL GAS INPUTS:
FG Air Preheat Inlet______ FG Praheat Outlet L. Gas Kndtu/hr % of Tota) Load: Mk
STEANS (KPPH): foiler 22210 Flash Tunk Total Stemn 22210
Press. (psig): Soiler 103.000 Flash Tank  102.000
Teeps. {dg F): Soiler Flash Tank Foad W20 (deg F) 212.000

COMEUSTOR LOADS:  Ccal - MWBtu/hr  30.698  Cooliag (Coal + WGes) -8 0,000  Cooling H20 Inlet {deg F)
{oal + N, Gas - WKBtu/hr 30,618

RESULTS: Steam Jen Eff'cy (%) 95.520 Fuel to Steam Flow Corr.  1.303
Boiler Effiziency (%) 96.504 % 502 Reduction 15,912 Intrusion Air (B/hr) T456.45

REMARES: TEST COMDITION: WAXINUN LOAD (35 WNBTU/HR) AT PHI:=.§

CUAL VALYE SPEED = 24.5%
B14
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HEALY TESTS : TEST SUMMARY ¥ Pgs: ! Revision: 1

Dete: &/16/91
TEST:  500-H2E Date  Q4/22/01
PURPOSE: GEMERATE & TONS OF BAGRQUSE CATLH FOR IR0

COAL:  Source: KEALY PERF BLEWD
Ultimaze Anaiysis Applied
tomposition {3) - Carbon; 47,450 Hygrogen:  3.620  Oxygen: 15,00k kitrogen: 0730 SOMur: B340
Moisture; 10,830 Ash: 21,060 1250 (calc. deg F): ms Rhv (8tu/10}: 1488

LINESTONE: CANTHELL T 4003 90,400 NATURAL GAS: tu/b
Hydrogen (B #2/8 ¥G):

TEST PARAMETERS ~ COMBUSTOR FIRING CONFIGURATION:

Duration {ains): 11 Section: 1 OF 1 Tine of Test:  15:00
FLOY RATZS:
toal PC (#/hr) 1092000 15 (#/hr) $0.900 Total Air (H/he} 10052501
Carrier Afr B {scfh)  12500.900 LS Split (/W) 100/9 Stoi Afr {B/nr)  1483E.178
Cochustins Air BC (kpph}  5.040 § Nozzles Yess hir S8 (B/hr) 214,342
¥ix Bustie Air PG (kpon]  8.540 Carr'e A/LS (scfh)  9540.270 Total Coal (4/hr)  2486.000
Ccal MO (#/nr) 1496.000 C.h, Press (psig) Ede NztDdiz  0.37% Tota) Gas (B/hr) 201491
Carrier Air MO (scfh)  21710,000 Kazzles {throat): ¥ 02 post 5B Catn 1,485
Cebr air Sec Brar (hpph) 4,180 Injector (tube): 50.000 Coal Spiit PC(8) 40,064
{a/8 Ratio 2.044 Ca Utilization, § 11,844
STOTIRIETRIZ ADR: (for (oal) 5,981 SCFK to #/hr 0,076
§TOIC=, ALE: (8 2ir/D tos fugl) 5, 98¢
PAI's:  PCC ph 1.002 Clng Cale {Btu/sec) 813,600 Clng Neas (Btu/sec) 1052.083 Flow 9/sec
PC 1,93 Totel flow assumsd equal over all & circuits:
Wopm 0.3 FLUX (Btu/fto-sec):
Gveral) phi at Sec. Brar 1,166 il a0 nal 4900 1) BAF 6,086 94 SRS
15 3RS 4,758 5 SRS 6,18 BT PCET 2,308 #3 TaP
EWISEIONS:
At stack A ness. At 3% (2 At Lale 5B D2 i/aty
02 (% f.450
€ fppr) 19,450 24,062 a0
KO fpoel 132,540 163.967 159,543 0.7
§C2 w/1S  (ppe) 209. 600 i RH 251,508 0543
S0r wio LS (ppm), calc 330,407 404,488 394,056
AIR TENFERATURES {deg F):
Air Preheat Inlat 144,000 Preheat Outlet 299.000 Asbisnt 77,000
FLUE GAS TEMPERATURES (deg F): BATURAL GAS INPOTS:
FC Air Preheat Inlet 491,000 FS Prebeat Outlet 310.000 K. Gas mdtwshe____ % of Total Load:
STEANS (NFPH): Joiler 14,240 Flash Tant 3,750 Tota] Stem 17990
Press, {psigh Boiter 103.900 Flash Tenk 103,000
Teaps. (d3 Fi: Boiler 336,000 Flash Tank  336.000 Feed 20 (dog F) 212,000

COMBUSTCR LOADS:  Coal - WMEtu/hr 19,938 Cooling (Coal + N Gas) - ¥ 18,996 Cooling W20 Inlet (deg F) 349.003
Coal ¢ K, Gas - MuBiu/hr 19,802

RESULTS: team Gen Eff'cy (%) 84,985 Fue) to Steam Flow Corr,  0.930
Boiles Efficiency (%) 82,132 & 502 Reduction 36,152 Intrusion Air (3/hr) 3081.60

RENAPKS: TEST CONGITION: 20 WMBTU/HR, PHI=1, NAXINUN DURATION, SWIRL DAMPER AT 25¢ F1/§

Stoich air (# air/t K3);

20.000

413
1,362

1
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HEALY TESTS TEST SUKNARY i Pgs: 2 Revision:

Date: §/16/91
TEST:  50'-KH Date  D4/22/%1
FURPOSE: GENZRATE 5 TONS OF BAGHOUSE CATCH FOR NIRO

CoAL: Soyrce: KEALY PERF BLEND
Ultimate Analysis Applied
fomposition {8) - Carbom: 41,450 Hydrogem:  3.820  Oxygens 45,380 Witrogen: 0730 Sulfur: €348
Noisture: 10,830 Ash: 21,000 T250 (calc, deg F): s WY (Btu/1b): 1988

LINESTORE: C2RTWELL ¥ Laf03: 90,400 KATURAL GAS: Btu/ih
Hydrogen (¥ X2/8 XG):

Stoich air (& air/# MG}

— ——

TEST PARAMETERS - COMBUSTOR FIRING COMFIGURATION:

Buration (ming): 141 Section: 1 0OF ¢ Tine of Test:  19:00
FLON RATES:
Ceal BL (&/hr) 1105.000 LS (#/kr) 55,500 Total Air (0/hr} 19132521
Larrrer Air PT (scfh)  12560.0)¢ LS Split {I/K) 100/0 Sted Kir (4/hr) 14585997
[apbostion Air PC fkpoh) 5340 t Kozzles Xess Air 8B (#/fr) 25842524
Kix Bustle Air PC (kpph)  T.28D Carr'r A/LS (scfh}  8840.270 Total Coal (3/hr} 2772,000
Cag? W0 {8hr) 1667.000 C.A Press (psig)  Ede W21 Din  0.375 Total Gas (8/hr) 21345584
Lerrrer hr W0 (sefh)  2971C.000 Kozzles (throat): % 02 post 5B Cadr 3.0
Cres air Sec drar {kpp) 3,190 Enjector (tube): §0.000 foa) Splat PL (%) 3%.863
Eafs Ratio 1.0 Ca Utidization, ¥ 18,027
STRICRIOWETEIC ACP: (far (o2t £.9%8 SCFH to #/hr 0.076
STOIG, ATH: (B air/d tot fuel) 5,985
PHI's: Pl ph 0.9%2 Clng Cele (Btu/sec)  406.320 Clng Meas (Bty/sec) 572.333 Flow #/sec 28809
of pt 2,080 Tota) flov assumed aqua) over all B circuits:
K phe .7 FLUX (Btu/ft2-sec):
Sverall pei ot Saz, Bror 1.10§ $1 4l 015 Bl 2118 1 MF L5686 MOSRS 3,268
B SRS .50 B SKS 2,000 FTPCET 2561 HTHP 1,3
ERISSICNS:
i, sk Ay LS, MR M Catc 5B {2 /Wty
1ty £.590
¢ (pee) 2.820 3.5 3,800
¥r (ppr 123.000 153,643 157,042 0.232
AwflS (pee) 224,000 18,006 185,445 0509
Sox w/ LS (ppel, cale 327,488 404,588 #1112
ALR TEMPERATURES (deg F):
Air Prahast Inlet 111,000 Praheat Outlet 344,000 fubient  T1.000
FLUE GAS TEWPERATURES {deg F): NATURAL GAS INPUTS:
FG Aie Praheat Inlet $33.000 FG Proheat Qutlet 365.000 N, Gas WMBtu/hr___ % of Total Load: WA
STEANS (KPPo}: doiler 16,280 Flash Tank 2.048 Tota} Stetn 18,330
Press. (ps7g): Boiler 103.000 Flash Tank 103,000
Temps. (dg F): Boiler 336.000 Flash Tank  336.000 Feed H20 {dag F) 212,000

COMBUSTOF 10405:  Coal - wdtu/hr 22,143 Cooling (Coad ¢ MGas) - % 9.305  Cooling H20 Intet (deg F) 340.007
Laal + N, Gas - MiBtu/mr 22,143

RESHLTS: Seear Gen Eff'ey (%) 83,438 Fus! te Steam Flow Corr, 0,088
Botler Efficiency (3) 82.84% % 802 Reduction 30,77 Intrusion nir (8/hr) S580.87

REWARYS: TEST CONDITION: 20 WATU/MR, PHI:=1, MAXINUN DURATION, SWIRL DANPER AT 250 FT/$
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KEMY TE81S TEST SURMARY R HR 1 Revision: 1

fate: 5/16/01
TEST: §02-422 Date 04/23/%1
PURPOSE: GENERATE & TONS QF BAGHOUSE CATCH FOR NIRD

LOAL: Source: KEALY PERF BLEND
U1tinate Analysis Applied
Compasitisn (%) - Carbon:  d7.450 dydrogen: 3,620 Oxygen: 15980 Nitrogen:  0.730 Sulfur:  0.340
Keisture:  10.830  Ash: 21,060 T250 (cale. deg F): 1 HKY (Btu/1b): 1588

LINESTONE: CANTRELL T CaC02: 90,400 RATURAL GAS: Btu/lb
Hydrogen (3 H2/% NG):

Stoich air {4 ait/8 N§):

TEST PARAMETERS - COMBLSTOR FTRING CONFIGURATION:

uration (mins): 169 Section: 10F 1 Tine of Test:  11:00
FLOW RATES:
o) o0 [#/h7) §70.700 LS (#/hr) 0,000 Total &xr (8/hr) 16762121
fzrrier 4o PC (scfn}  12900.000 1§ Split (1) 120/0 Stoi Air (4/hr)  HST5.497
Torhustoon Air PC (kpoh) 4191 i lozzles Xess Air S8 (#/hr) 2186.62)
Nix Bustie Air PC fkpph) 7,293 Geertr ALY (sefnd 9840210 Tota) tea) (¥/nr) 2435400
Coal MC (4/hr) 1454.700 C.A. Press (pstg)  Ede Nzl Dix 0,375 Tota! Gas (8/hr)  18707.009
careier Air KC {s¢™h}  21710.000 Ks1zles (throat): 1 02 post 58 Cabn 2551
Ceds Air Se¢ Brar {kpph) 1113 Injector (tube): 5,000 {oa) Solit PO (8]  29.888
(a/5 Fatic 1,150 Ca Utilization, ¥ 570U
STLLHIOWITSIE AR: {or foal) §.98¢ SCFH to 4/nr 0.074
§T006k, ATE: (v airfU tat fue)) §.98% ~
PHI's:  PLC o 0.9% Cing Cale (Btu/sec} 0.000 Cing Wezs (Btu/sec)  0.000 Flow #/sec 28,300
PC ph 2,238 Tetal flov assumed equal over all B circuits:
0 ophi 1.006 FLUX (Btu/ft2-sec):
Qverzi® phy 2t Sec. &ror 1,100 #1141 0.000 24l 0.000 3 BAF 9.000 b4 SRS 0.009
§5 SRS 6,000 # SRS 0.000 KT PCET  0.000  #5 TAP 0.900
ENISSIONS:
At stack s mess. ) W A Gl S8 02 §/mty
02 v} .63
€0 ipam) 11.110 13.91 14,265
NG (ppm) 1.008 0.000 0.000
562 wits  (ppm) 0.000 0.000 ¢.000
S0 wic L8 {pow), cale 326,588 404,552 4
AIR TEKPERATURES (deg F): ‘
Air Preheat Intet 124,000 Prahaat Outlet 326,330 dabient 77.000
FLUE GAS TEWPERATURES {deg F): NATURAL GAS INPUTS:
FG AfT Preheat Inlet 505,330 FG Praheat Outlet 341.000 NoGes weBtu/br__ % of Total Load: W/A
STEANS (KPPHI: Boiter 16,840 Flash Tank _____ - Tota) Steam 16,840
Press. (psrg): Boiler 103.000 Flash Tank 103,000
Temps. (dg F): boiler Flash Tank Feed H20 (deg F} 212,000

CCMBUSTOR L04DS:  Coal - WMBtu/hr 19,484  Cooling (foal + K Gas) - % 0.000  Codling H2G Inlet (deg F)
Loal + N. Gas - meBto/mr 19,434 :

RESULTS: Steap Gen Eff ey (3) 84,190 Fue) to Staam Flow forr,  £.983
Boiler Efficiency (3) 05.232 % §02 Reduction 100.000 Intrusion Air (0/hr) S017.41

REWARKS: TEST CONCITION: 20 WMBTU/MR, PAI=1, MAXINUN DURATION, SWIRL DANPER AT 250 F1/§
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HEALY TESTS TEST SUNKARY I Pgs: l Revision: 1

Date: §/16/4!
TEsT: 503-H23 Date H/23/9¢
PURFSE: GEMERATE 5 TONS OF BAGHOUSE CATCH FOR KIRD

LoAL: Source: HEALY PERF SLEND
Ultmate Analysts Applied
Conposition (¥) - Carbon:  47.450 Hydrogen:  3.620  Orygen: 15.980 Nitrogen:  0.730 Sulfur:  0.340
Noisture: 10,830 Ash: 21,060 1250 (calc, deg F): 218 HHY (Btu/1b): 988

LIMESTCNE: CANTRELL T Cal03;  90.400 KATURAL GAS: Btu/1d
Hydrosan (3 H2/3 KG):

Stoich air (1 air/# NG):

TEST PARAMEIERS - COMBLSTOR FIRING CONFIGURATION:

Duration (wins}): 118 Section: ______ Tiseof Test: 16:30
FLOM RATES:
Coal PC (#/hr) §78.760 LS (a/hr) 36.000 Total Air (B/hr}  17042.521
Carrier Air FC {sefh)  12500.000 LS Split (I 100/0 Stoi Air (3/hr) 14656891
Combustion Aar PC (kpph} 5,250 § kozzles — Kess Acr SB (#/hr) 2385.E30
Nix Bustle Air PC (kpph}  7.480 Carr'r A/LS (scfh)  §540.210 Total Coal (#/hr)  2448.000
Coal HC (4/kr) 1472308 C.A, Press (psig)  Edc Kz) Dia  0.315 Total Gas (8/hr)  18894,878
Carrier Air K {sefh)  21710.000 Roz2ies (throat): % 02 pest 8B Cabn 2.4
Omdn Air Sec Brar fkpprt  1.000 Injector {tube): 50.000 Conl Split PC (5)  39.882
(a/s Ratis 1,083 Lo Utidization, ¥ 14101
STOTCRTONCTRIC AIR: (fer Coal) 5,888 SCFR o #/hr 0.07%
ST000e, AIR: (4 adr/0 tot fuel) 5,008
PHI's:  PCC phi 1.062 Clng Cate (Mtu/sec) 0.000 Clng Neas (Biu/sec)  0.000 Flow #/sec 2€.200
P pni 2.3% Total flow assumed equal over 11 & circuits:
0 phi 1,04 FLUX (Btu/ft2-sec):
Qverzll phi gt Sec, Bror 1.113 AL 0.000 12 A 0.000 93 BaF 0.000 84 SRS 0008
§5 SRS 0.008 5 SRS 0.000 $TPCET  0.000 49 TAP 0.000
ENISSIONS,
A stack AS meas, At 3% 02 At Cale 5B 02 /Wbty
0 6.270
(0 (per) 6.700 8181 t.304
NOx  (ppr) 163.000 196,185 202.020 0.301
§02 /L5 {poa) 218,009 129,938 3360 0.694
$0x w/o LS (ppml, cale 334411 404,708 410,201
KIR TEXPERATURES (deg F):
Air Preheat Inlet 124,700 Prahest Dutlet 353.700 Aabient  17.000
FLUE GAS TEMPZRATURES (deg F): NATURAL GAS INPUTS:
FG Air Preheat Inlet 544300 FG Preheat Dutlet 367,000 N Gas WBtu/hr_______ % of Total Load: N/A
STEANS (KPPH): Boiler 15,140 Flash Tank Tota] Stess 12,140
Press. (psigl: Boiler 103.000 Flash Tank  103.000
Tewps. (85 F): Boiler_____ Flash Tamk______ Feed K20 (deg F) 212,000

CONBLSTGR LOADS:  Coal - WMBtu/hr 19,563  Cooling {Conl + M Gas) - %  0.000  Cooling H2O Inlet (deg F}_____
Coal + N. Gas - MMBtu/hr 19,563

RESULTS: Stean Gen Eff'cy (3) 83,604 Fue! to Stess Floy Corr.  0.892
Boiler Efficiency (%] 84588 % 502 Reduction 13.423 Intrusion Air (#/hr) 4300.03

REWATNS: TEST CONDITICK: 20 WWBTU/MR, PHIz1, WAXINUN OURATION, SWIRL DANPER AT 250 F1/§
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HEALY TESTS TEST SUMNMARY § Pgs: 2 Revision: 1

Date: 5/16/%
TEST: B0d-H3¢ Date 0412441
PURPLSE: EEMERETE 5 TONT OF BAGROUSE CATCH FOR HIRC

COAL:  Source: HEALY PERF BLEND
U1t:pate Analysis Applied
Copposition {3) - Carbon:  €7.450 Wydrogen:  3.620  Oxygem: 15,980 Nitrogen:  0.730 Sulfur:  0.340
Noistere: 10,830 Ash: 21,060 T250 (cale. dag F): s HHY (Btu/1b): 1988

LINESTOKE: CAKTNELL ¥ {af03: 90,400 NATURAL &AS: Btu/1d
Hydrogen (8 H2/8 WG):

Stoick air (¥ air/8 NG):

TEST PARANZTERS - COMBUSTOR FIRING CONFIGURATION:

Byration {ains): 1" Section: Tine of Test:  21:15
FLON RATES:
Coal PC (#/kr) §53.500 1§ (#/nr}) 30,000 Tota) Air (#/hr)  16237.521
Carrier Air PE (scfh)  1250C.000 18 $plit (I} 100/0 Stot Air {4/he) 14962113
fomn.stien Awr PC Ckpph)  5.100 ¥ Nozzles —_— Ness Air SB (#/he} 1875.402
Hix Bustle Air BC Lhpph) 7,380 arr'r A/LS {scfh)  954d,270 Total Coal (#/hr}  2500.009
Cozt T (#/hr) 1546, 500 C.A, Press (psig) Edc Nz Diz 0,375 Total Gas (8/br)  1B824.451
Carrier Air O (s¢fh)  21710.000 Nozzles (throas): % 02 post SB Cebn 2.1
Crbr Air Sec Brnr {kpph) 1,015 Enjector {tube): 50,000 foal Split L (3} 30140
ta/s Ratio 1.033 Ca Utitization, % b5
grarewETa TR (fer Soal) 5,988 SCFH to 3/hr L.ATe
STEICE, ALR: "¢ airs iot fuel) 5.985
PEI's:  *il pm 1,061 Clng Calc {Btu/sec)  340.200 Clng Meas [BRufsec) §31,250 Flow #/sec  28.800
FC i 2.3 Total flov assumed equal over &11 8 circuits:
W ph 1.90% FLEY (Btufftl-sae);
Orerail phi &t Sec. Bror 1o i1 Al 1, 1AL 1,166 43 BAF 2,000  $4 SRS 2,860
JE SRS 2,300  #E SRS 1,982 MTPLET  LIME BTA 113
ERIIIIONS:
Ao stack A neng, At 1t At Calc 3B €2 §/Mey
02 (%) 6,450
¢ {pom) 5.700 1.082 1IN
NOx  (ppm} 187,504 231,959 242,875 0,351
§02 w/LS  (sow; 298.600 368,660 05,532 0.176
SGnwic LS (ppr}, cale 330,670 404,780 Q4N
AIR TENPERATJRES (deq F):
Air Preheat Inlet 114,000 Preheat Outlet 334,500 Ambient 17.000
FLUE GAS TEMPERATURES (deg F): NATURAL GAS INPUTS:
FG Atr Preheat Inlet 549.000 FG Prehost Qutlet 364.500 K. Gas mBtu/hr_____ X of Total Load: K/A
STEANS (NFPH): Boiler 15,308 Flash Tamk  2.850 Tota} Steae 97,558
Prass. lpsig): Boiler 103.000 Flash Tamk 103,000
Temps. {43 F): Boiler 339.000 Flash Tank  339.000 Feed H20 [deg F) 212.000

COMBUSTOR LOADS:  Coal - WMBty/hr 13,970 Cooling (Conl ¢ W Gas} -1 11,380 Cosling W20 Inlst (deg F) 343.500
foa) + N, Gas - WNBty/hr 19,870

RESULYS: Svear Sen Effey (3)  M3.6H Fuel to Steam Flow orr,  £.940
Boiler Efficiency (3) 82.564 % §02 Recuction A.744 Intrysion Air ($/hr) 5226.27

REMARAS:  TEST CONGITION: 20 WMBTJ/HR, PHI=1, NAXINUN QURATION, SWIRL DAMPER AT 230 FT/$
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HEALY TESTS TEST SUMKARY 1 Fys: /) Revisipn: |

Date: 5/16/91
HIIN 505-H28 Dite 04/25/91
PURPCSE:  GENERATE 5 TONS OF BAGHGUSE CATCR FOR NIRO

{0AL: Scurce: HEALY PERF BLEND
bizinate Analysis App!ied
Compesition (%) ~ Carbon: 47,430 Hydrogen: 3,620 Oxygan: 15,980 Nitrogen:  0.730 Sulfur;  0.340
Kpisture: 10830 Ash  21.0680 T250 (calc. deg F: ms HHY (Btu/1b}; 1488

LINESTOKE: CANTYELL § Lal03: 90,400 NATURAL €AS: 3tu/1b
Hydregan (5 #2/8 NG):

toigh air (§ air/# NG}

—— 1 —

TEST PARAMETERS - COMBUSTCF FIRING CONFIGURATION:

Buration (sins): 149 Section: Tine of Test: 1345
FLON RATES: .
o2l BC ($/hr) 749.000 LS (8/hr) 13,000 Total Air (#/hr)  17842.521
Cerrier Air PC [scfh) 12500000 LS $plit (1/%) 100/0 Stoi Air (#/hr)  14860,376
fomsustion Air PC {kpph)  5.%30 # ugzzles Xess Air SB (B/hr) 2282.145
Wix Bystle har BC (kppt) 1.480 Carr’r AJLS {scfh)  $540.270 Tote) Coal (#/hr) 2483.000
Cost M2 (hm0) 1584, 000 C.A. Pross (psig)  Ede K21 Dia  0.375 Total Gas (#/hr} 19117374
Carrier Air N2 {sef®)  29740.000 Nozzles {throat): % 02 post 5B Cabn 2.608
Ceer Atr Sec Eenr {kpph) 1,140 Injector (tube): 50.000 Cot] SpYit PC (3)  32.179
fa/¢ Ratio 1133 ot Utilization, ¢ 17,285
STCICETSNET=I0 AL, [for Cog!) 5.5 SCFE to #/hr 0.01%
S§TOIC-, AZ2: v avr/4 ot fuel) 5088
PRl's:  POC phi 1.0 Clng lale (Btufsec) 385,200 Clng Meas {Btu/sac) 606.000 Flov #fsec 26.800
Pl pri L4y Total flow assumed equal over &1 B circuits:
¥ ani 1.l FLUX (Btuffed-sec):
Sera!) ph a3 Sec, Brar 1,188 $ Al 0.471 Al 1,648 13 BAF 3,266 H SRS 1,268
5 SRS 2.537 16 SRS LM WMALET 1701 WTH {.908
EMISSIONS:
At stack As seas, A3y 02 At falc S0 02 i/Bty
0: (%) §.550
(0 ipom} 3180 1,961 {048
Kox o (pon) 181,009 225,467 230,302 0.4
6 w/LS  (ppm) 261.900 anan 332,208 0.64
S w0 LS (ppr), cale 328,404 T8 Hi.1m
AR TEMPERATURES (deg F):
Air Preheat [nlet 115,000 Preheat Outlet 372.000 Aabient  77.000
FLUE GAS TEMPERATURES (deg F): KATURAL GAS TNPUTS:
FG Air Preheat Inlet 569.000 FG Preheat Outlet 392.000 N, Gas mNgtu/hr § of Tota) Load: W/A
STEARS (rPPH): Boiler 15,490 Flash Tenk 2,180 Total Steam 17,650
Press, (psig): Boiler 103,000 Flash Tank  183.000
Teeps. (dg Fl: Boiler 238.000 Flash Tank 338,000 Feed N20 (deg F) 212,000

[ONSUSTOR LOADS:  Coal - WiBtu/br  10.83¢  Cooling (Coxl + N Gas) - % 10,93  tooling H20 Inlet (deg F) 342.000
{o2” + K. Gas - WuBeu/hr 19,034

RESULTS: Stear Ger EFf'cy (%) 02,856 Fuel to Steam Flow Corr,  0.918
Builer Efficiency (%) 41,562 % S0Z Meduction 19,506 Intrusson Air (#/hr) 482004

RENARYS:  TECT COKDITION: 20 WKBTU/WR, PHI:1, WAXINUN OURATION, SWIRL DANPER AT 330 FT/S
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HEALY TESIS TEST SUMNARY

TEST TR

§ Pgs: 4 Revision: 1,
Date: §/16/9

Date  O4/24/81

PURPOSE: GEKERATE 3 TONS OF BAGHOVSE CATCH FOR NIRD

COAL:  Source: HEALY PERF BLEAD
Ultinate Analysis Applist

Cepposition (%) - Carbon:  47.450 Hydrogen: 2,620 Oxygen: 15,980 Nitrogen: 0730 Sulfur: 0,340

Noisture: 10,830

LIMESTON:Z: CANTRELL % Ca003:

§0.400 NATURAL GAS: Btu/1b

Ash: 21,060 T280 (calc. deg F): s HHY (Btu/1b): 1448

Steich air (# air/¢ MG):

Hydrogen (¥ K2/ %G):

TEST PARAMETERS - {ONBUSTOR FIRING CONFIGURATION:

Juration (mins): 11
FLON RATES:

Goal PC (#/nr) 1160.000
Carrier Air PC (scfh)  12500.000
Cosbustion Air PC (kpph)  6.300
¥oa Bustle Air PC (kppt)  3.450
Coa! ML {#/hr) 1331, 000
farrser Air MC (sefh}  21710.000
Cetn Arr Sec Brar (hoph) 0,850

STOLCHIOMETRIC AZR: (for Coal) 5,98
STOICH. AIR: (8 2ir/¥ tot fuel) 5.98%
PHL's:  FCL phi 1,048
Po phi 1,830
¥ phi .46}
Qverall phi at Sec, 8rar 1.820
EMISSIONS:
At stack As meas,
0z (%) 6.100
R ) 64,600
Nox (ppe) 182,000
802 w/l§  (com, 291.000

§0: w/o LS (ppa), calz 330,181

AIR TENPERATURSS {deg F):
Mr Prehest Inlet

FLUE GAS TENPERATLRES (deg F):

Section: ___  Tise of Test:  10:20
LS (#/hr; 34,000 Total Air ($/hr) 15942.521
1§ Split (I/W) 100/0 Stoi Afr {#/hr;  14900,255
§ Nozzles - Xess Air 8B (B/hr) 1034268
Carr'r A/LS {sefh)  $540.270 Tota) Coat (#/Ar)  2481.000
.4, Press (psig) Ede Wpl Dia  0.375 Tota) Gas (#/hr) 17924197
Nozzles (throat): % 02 post SEB Cabn 1,260
Injector (tube): 50.000 Coal Split PC {3)  4b.568
Ca/8 Ratio 1.1 Ca Utilizaticn, 3 10.998
SCFH to #/hr 9.076

Clng Cale (Blu/sec) 0.0C0 Clng Meas (Btu/ses)  0.000 Flow #/sec 20.800
Total flow assumed equal over all 8 circuits:
FLOY {Btu/fil-sec):
§1 4] 0.000 Al 0.000 3 BAF 0.000 B4 SRS 0.000
15 SRS ¢.000 #6 SRS D000 BTPCET  D.000 B TAP v.000

At 302 AL Cale 5B 02 §/WBty
18,040 8,492
218,866 114 0.3%%
351,544 385518 0.742
T 2,047
Praheat Outlet ebient T7.000

RATURAL GAS TNPUTS:

FG Air Praheat Inlet_____ FG Preheat Qutlet______ KoSes mBtu/he___ xof Total Load: /A
STEARS (KPPH}: Boiter 14,700 Flash Tamk______ Total Stean  16.700
Press. (psrg): Boiler 103.000 Flash Tank 103,000
Teaps, {dg F): Boiler Flash Tamk______ Feed H20 (deg F) 212.000

COMEUSTOR LOADS:  Ceal - WWBtu/hr 19,098
ol + N. Gas - MNBLu/hr 19,898

RESULTS: Steam Gen Eff'cy (X) 95.27%

Boiler Efficiency (8) 96,385

Cooling (Coal # K Gas) - %  0.000  Cooling H20 Iniat (deg F)

Fuel to Stesn Flow forr. 1,124

g S02 Reduction 12.798 Intrugion Afr (#/hr) 5508.00

REMARKS:  TEST CONDITICN: 20 WWETU/HR, PHIz1, WAXINUM DURATION, SWIRL DAMPIR AY 37§ F1/§
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REALY TESTS TEST SUMMARY i Pgs: 2 Revision: |

Date: 3/16/9!
TEST:  5CR-HEd fate 042591
PURPISE: GENERATE § TONS 0 BAGHOJSE CATCH FGR NIRC

§GAL:  Source: HEALY PERF BLEND
yitimate Aralysis Applied
Corposition (%) - Carbon:  4T.450 Wydrogan:  3.820  (Oxyger: 15,680 Witrogen: 0T3¢ Sulfur: 0340
Noisture: 10,830  Ash; 21,080 1250 (calc. deg F): s HHV (tu/1b): 1988

LIMESTONE  CANTELL 1 CaC03:  90.400 SATURAL GAS: Btu/1b
Hydrogen (9 H2/# NG):

TEST PARANETERS - COMBUSTCR FIRING CONFIGURATION:

Queation (mins): 14 Section: Tine of Test: 1420
FLON RATES:
foel PC {/hr) 11£2.000 LS (4/hr) 316.000 Total Mr (3/hr)  16432.521
farries Adr PC (scfh)  12800,000 LS Split (I/N) 100/0 Star Air (#/hr)  14028.008
Comb.stion Afr PC (kpph) 6,120 ¥ Hozzles Xess Air SB (#/hr) 1564.51¢
Nin Bustle adr PO (kpgt)  5.720 Carr'r AFLS (sefh) 9540210 Tetal Coal {#/hr] 192,300
Cazl W (#/hr) 1332.300 C.A, Fress {psig) Edc Nzl Biz 0,375 Tota! &as (#/hr) 13471.6%¢
Carrier Air MC (scfh)  21710.809 Nozzles (throat): % 02 post SB Cabe 1,430
Crbn dic Sec Brar {kpph) 1.310 Injector (tube): 50,000 {oal Split PC (3)  46.58¢
fa/§ Retio 1.230 Ca Gtilizatien, 3 16,732
STOITHINETELS IR ffar zal) £.98% SCRH to 4fhe 2.9
STCICH, ALZ: {8 a3r/ tet fuel) L.ge8
Pil’s: BT phi 1.017 Sling Calc (Btu/ses) 0.000 Clng Ness (Btu/ses)  0.000 Flow #/sec
P phi 1,840 Totai flow assume¢ equal over o)) 6 cirguits:
K phi 0.968 FLUX (Btu/ft2-sec):
Cyerzil phi 2t Sec. Brae 1.05¢ Al g.000 42 Al 0,000 &3 BAF 0.007 &4 SR8
$5 588 0.000 5 SRS 0,000 BT PCET 0,000 % TAP
ENISSIONS:
At stack kS ness, A0 At Calc 8B 02 §/MBty
02 (%) 5.933
e {ppel 1,431 13.659 14,532
N0y (ppe) 165,000 197,120 08118 0.298
sc2 w/LS (pem) 268.300 320,528 31,015 0.573
$0x w/o LS (ppm), cale 344,720 04,715 0.4
AIR TENPERATURES (deg F}:
Air Prehgat Inter 128,000 Preheat Outlet 382,330 Aabient 77.000
FLUE GAS TENPERATURES {deg F): NATURAL GAS INPUTS:
FG Air Preheat Inlet 397,700 FG Praheat Outlet______ N. Gas WWBty/hr % of Tote! Load:
STEANS (KPPH): Botler 18,210 Flash Tank_______ Total Steam 10,210
bross. (psig): Boiler 103.000 Flash Tank  103.000
Teps. (dg F): Boiler____ Flash Tank Faed H20 (deg F) 212.000

CONBUSTOR LOADS:  Coal - WWBtu/hr 13,924  Cooling (Coa) # N Gas) - % 0.000  Cooting H20 Inlet {deg F)
Coal + K. Gas - MMEtu/hr 19,924 .

RESULTS: Slear Gen Eff'cy (%) 95,248 Fuel to Stean Flow Corr, 1,912
Boiter Efficiency (3) 96.362 % 50 Aeduction 20.588 Intrusion Atr (4/hr) 742,26

RENARKS: TEST CORDITION: 20 WMBTU/MR, PRIz1, WAXINUN DURATION, SWIRL DAMPER AT 388 F1/§

Stoich air (4 air/4 Xo):

HR

¢.000
0.900

i

B24



BEALY TESIS TEST SUNNARY (RITR 2 Revision: 1

bate: 5/16/31
TEST:  509-A2¢ Date  04f25/41
PURPOSE: GENERATE & TONS OF BAGKCUSE CATCH FOR NIRD

COAL: Source: HEALY PERF BLEND
Uitimete Analysis Appiied
Coepasition (%) - Cardon: 47,450 Hydrogen: 3,620 Oxygen: 15,900 Hitregen: 0,730 Sulfur:  0.340
Moisture: 10830 Ash: 21,060 T280 (cale. deg F): 18 hev (Btu/1b): 1988

LINESTONE: CANTHELL 3§ Cal03:  90.400 NATURAL 5AS: Mu/Td
Hydrogen (1 B2/4 ¥G):

Stoich air () air/¥ WG):

— —

TEST PARMZTERS - COMBUSTOR FIRING CONFIGURATION:

Buration (ming;: 14 Section: Tine of Test:  21:20
FLON RATES:
zoal PC (3/hr) 168,000 £§ (#/hr) 1% Total &ir (0/hr}  t6142.52
Carrier Atr B0 (scfn}  12500.000 LS splir (I/W} 100/¢ §ted Air (#/hr} 14988007
Cobustion Avr PC (kpph! 6,450 § Kozzles - Kess Air SB (#/hr) 744,493
¥iy Bustle Air PC (kpphl  5.430 gare’r A/LS (scfh)  9540.27¢ Total Coal (#/hr)  2506,003
Ceal Ko (B/hr) 1338.000 C.A. Press (psig) Edc Nzl Dia  0.37% Tota) Gas (a/hr)  16736.874
Carrig= Air W2 (s3fh) 21710000 Nozzles [throat): % 02 past SB Cabn 200
Cebn Air Ses Brer (epeh) 1,020 Injector {tube): 50.000 fot] Split PO (%) 46.808
Ca/5 Ratio {elL Ca Utitization, ¥
STCITHICNETETC P2 (fer (el 5,995 SCCh to 0/h 0.076
STOICH, 4IR: (8 air'k tot fuel 5,985
PHi's: Pl ph 1,048 Clng Cale (Btu/sec) 370,800 Clng Meas {Btu/sec) §69.522 Flow d/sec 28830
P opr 1.30¢ Total flow assumed equal over all & circuits:
¥ phi 1.900 FLUX (Btu/*t2-sec):
Overadl ghioat Sec. Brer 1.068 Bl 0.58 KAl 1,060 83 BAF 1260 MOSRS 31M0
$c SRS kRIS 6 SRS LA MTRCET 10T MM 0.908
ENISEION:
At stact ks aeas, At 3302 At Cale 5B 02 $/WiBty
%) E.410
@ (pen) 1.000 1,234 1.300
N3 (opm) 189,000 2351 245,440 8.353
IS4 ) 295,000 345,192 184,745 0,769
SCr w/e LS fper), cale 3N oL 425,468
AIR TENFERATURES (deg F):
Air Preheat Inlet 122.000 Preheat Outlet 362.000 Ambient T7.000
FLUE GAS TENPERATURES (deg F): NATURAL GAS INPUTS:
FG Atr Praheat Inlet 504.000 FG Praheat Outlet 395.000 K. Ges WBtu/hr____ % of Total Load: W/A
STEANS (KPPE): Boiler 14,900 Flash Tank 2,930 Tetal Staan 17,010
Press. (psig:: Boiler 102.000 Flash Tank  103.000
Teaps. (8§ F): Boiler 332.000 Flash Tank  330.000 Foad K20 (deg F) 212.000

COMBUSTOR LOADS:  Coal - MmBtu/hr  20.018  Cooling (Coal + W Gas) - %  10.242  Covoling M0 Inlet (deg F) 342.000
ozl + N, Gas - WNBtu/hr 20018

RESULTS: Stea Gen Eff'cy (¥) 2.8 Fen) to Steam Flow Sorr, (.62
Boiler Eff1chency (3)  04.701 § 502 Reduction  4.582 Intrasion Air {#/hr) 5312.84

RENARKS: TEST COKDITION: 20 WMETU/HR, PHI=1, MAXINUN DURATION, SWIRL DANPER AT 440 FT/S
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HEALY TESTS TEST SUNMARY I Pgs: 2 Revision: !

Date: 5/1§/91
TEST: §10-R30 Date 04/25/81
PURPOSE: GENERATE 5 TONS OF BAGHCUSE CATCH FOR NIRO

COAL:  Source: HEALY PERF BLEND
Ultieate inalysis Applied
Corpesition (%) - Carbon: 47,450 Fydrogen: 3520  Oxygen:  15.980 Witrogen:  0.730 Sulfur: 0,340
¥oisture:  10.830  Ash: 21,060 T25¢ (cale. dog F): s HHY (Btu/1b); 508

LINESTORE: CANTWELL Y Cat03:  90.400 NATURAL GAS: Btu/1b
Hydrogen (¥ H2/4 NG):

Stoich air (# air/¥ N5}:

TEST PARAMETERS - CONBUSTOR FIRING COXFIGURATION:

Duration {wins): 1) Section: Time of Tast: 1348
FLON RETES:
Coal ¢ (4/hr) 1152.309 £ (#hr) 17 Tota) Air (#/hr;  16842.521
Carrier Air BC {sefh}  12500.000 LS Spifi (I) 100/9 Stod Afr (8/hr) 14926209
Cotusticn Air PC (kpph) .40 § Nozzles Xess Air SB (#/hr) 1914.311
¥ix Bustle Air BU (kpptt §.189 tarr'r ALY fsefh)  §540.200 Total toet (3/hr) 2494001
Coal MG (3jtr) 1332.000 C.A Press (psig) Ede M2l Dix  0.315 Tota: Gas (#/hr)  10826.505
Carrier Air HC {sefn}  21710.000 Nozzles (throat): % 02 post $B Cabn 2.0
Cebn Air Se¢ Bear (kpph;  0.940 Injector (tube): 50.000 foal Split PC (5)  46.59?
Ca/§ Ratio & 59 o Utilization,
SILICATERI LR {fer {oa)) 5,435 SCFH o /0 0.07%
ST0ICK. Ak: !9 air/se to faol} 5,903 _
BHI's.  PCC phi 1,088 Clng Cale (Stu/sec}  439.200 Clng Meas (Btu/sec) 104,194 Flow #/sec 28,800
{ shi 1.44 Total flow assumed equal over 211 ¢ cirguits:
Mg g 1.017 FLUK (Btu/ft-see):
fvera)l pri al Ser, Brar 1,080 ¥l 0% 0l 1,005 1 BaF 3066 B4ORS §.08
§5 §88 123 18RS 2,531 MTPCET 2,027 1§ TM 1.362
EWoSSITNS:
At stack ks mels, At 3% 02 A Calc S8 02 §/MBty
o () 6,600
0 {p) 1500 3.289 1%
Kox o (ppe) 207,000 158,750 289,91 g.391
502 w/LS  (pom) 289,000 236,250 180197 0.708
S0 w/o LS (ppe), calc 327,412 404,736 2140
KIR TERPERATURES (deg F):
kir Preheat Inlet 125.000 Prehaat Qutlat 406,000 Aabient  77.000
FLUE GAS TEMPERATURES (deg F): NATURAL GAS IRPUTS:
FG Air Preheat Intet §16.000 #6 Preheat Outlet 426,000 R Gas mtu/hr % of Tota) Load: WA
STEANS (KBRY): Boiler 15,320 Flash Tank  2.510 Total Steam  17.830
Press. (psig): Boiler 103.000 Flesh Tank  103.000
Temps. (dg F): Boiler 338,000 Flash Tank  338.000 Feed H20 (deg F) 212.000

COMBUSTOR LGADS:  Coal - wMBtu/hr  19.922  Cooling [Coal ¢ R Gas) - %  12.725  cCooling M20 Inlet (deg F)} 343.002
Coal + K. Gas - WWBtu/hr 19,822

RESULTS: Steanm Ger Eff'cy (5) 81,519 Fuel to Steam Flov Corr. (.29
Boiler Efficiency (8} TH.873 % §02 Reduction 15,787 Tatrusion Air (#/hr) 5495.20

BEWARKS: TEST CONIITION: 20 WMBTU/HR, PRI=1, WALINUR DURATION, SWIRL DAMPER AT 440 FT/8
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HEALY TESTS TEST SUKMARY

TEST: §11-H3 Date
PURPOSE: GENRATE & TONS OF BAGWOUSE CATCH FOR NIRD
COAL: Seurce: HEALY PERF BLEND

§itmate Analysis Applied

Pavision: 1
Date: 5/16/41

) Pgs: 2

04/26/41

Compasition (¥) - Carbon:  d7.450 Hydrogen:  3.620 Onygen: 15,980 Nitrogen;  0.730 Sulfurr 0,340
Roisture: 10,830 Ash: 21,060 T250 (cale. deg F): M5 HRY (Btu/lb): 1988
LINESTONE: CANTHELL § Cal0d;  90.400 NATURAL GAS: Btu/Th Stotch air (# &ir/8 XG):
Hydrogen {# H2/8 NG):
TEST PARAMETERS - COMBUSTOP FIRING CONFIGURATION:
Diration (sins): 141 Section: Ting of Test:  £:00
FLON RATES:
Coal °C (#/nr} 1166.500 1§ (#/hr} 25 Total Air {8/hr) 17802.521
Carrier Air PO (sefh)  12500.000 L§ Split (I/N) 100/0 Stol Air (4/hr) 15012090
Covbustior Air PC Ckpph} 6,060 ¥ Nozzles Xess dir 58 (B'hr, 2788801
Nix Justle Air PC (kpph)  8.77% Cerr'e &7LS (scfh)  9540.270 Total Cont (#/hr) 2508.500
Coct KL (#/nr) 1342, 000 C.A. Press (psig) Ede Wzl Dna 0.373 Tota) Gas (#/hr) 19788475
Carmier M D (sofh)  21710.000 Nozzles (threat): § 02 post SB Cabr 3.018
Cetr &ir Ses rar (kpph, 2,825 Injecter (tube): 50.000 Coal Split PC (%) 46,502
Ca/s Ratio ;S% Ca Utilization, X
STOICRICMETRLY AIR: (for Cpal) 5.988 SCFH to bhr 0.07%
TCI0W, MR (b 2ir'p tot fuel) §.885
Pal's:  PIC phi 1,008 (ing Calc (Btu/sec) 392,400 Clng Wees [Btu/sec) S61.11° Flow #/sec
PC po 1,832 Total flov assumed equal over 1) 8 circuits:
ML ph 9.962 FLUK {Btu/ft2-see):
Cegra®i pbr &t Sec. Brar 1111 H AL 0.508 WAl 1,472 03 WF 1.6 W SRS
#5 SRS 3.306 $6 SRS 2,220 MIPCET 1414 MO TP
EWISCIONS:
At stack As mls, At 38 (2 At Calc 8B 02 1/Mety
02 (%) 6.300
62 {pem) 23,440 .58 28,458
NGt (ppm) 206.000 22,245 251,185 0.380
802 w/Ls  (ppm) 263,000 28,183 26,748 f.588
$0x w/o LS (por), cale 333,833 404133 03,082
AIR TENPERATURES (deg F):
Air Preheat Inlet 126,500 Proheat Dutlet 417.000 Awbient 11,000
FLUE GAS TEWPERATURES (deg F): WATURAL GAS IWPUTS:
FG Air Praheat Inlet 639.000 FG Prehest Outlet &40.500 N, Bas WBtu/hr t of Tota) Load:
STEARS (KPPH): Boiler 16,400 Flash Tank  2.000 Tote! Staaw  10.400
Press. {psig): Boiler 103,000 Fiagh Tank  103.000
Tenps. (d¢ F): Boiler 336.500 Flash Tank  336.500 Fesd H20 (deg F) 212,990
COMBUSTOR L0ADS:  Coal - MMBtu/hr 20,033  Coolimg (Coul ¢ N Gas) - % 10,081 Cooling H20 Inet (deg F} 240.500
Conl + N, Gas - WWBtu/hr 20,038
RESULTS: Stese Gen Eff'cy (3} 41,250 Fuel to Steaw Flow Corr.  0.073
Boiler Efficiency (3) 30.97¢ % 502 Reduction 10.934 Intrusion Air (§/hr} 404,20

RENARKS:  TEST CONDITION: 20 MWBTU/WR, PHIz1, WAXINUN

DURATION, SWIRL DAMPER AT 440 FT/$

28.400

1.440
p.an

Ak
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HEALY TESTS TEST SUMNARY # Pys: 2 Revision: 1
Date: 5/16/91

TEST:  §1g-H Date  04/26/91

PUFPGSE: GENERATE § TONS OF BAGKOUSE CATCH FOR WIRO

COAL: Saurce: HEALY PERF BLEND
titinate Analysis Applied
{emposition (%) - Carbon; 47,450 Hydrogen: 2,620 Oxygen: 15,980 Nitrogen: 0730 Sulfur: 0,340
Noisture: 10,830 Ash: 29,060 1280 (calc. deg F): s WV (Btu/b): 1988

LIKESTONE CANTNELL ¥ CaCh3: 90,400 NATURAL GAS: Btu/1b
Hydrogen (0 H2/# NG):

Stoich air (# air/8 NG);

TEST PAPANETERS - CONBUSTOR FIRING CONFIGURATION:

Duration (mins): 151 Section: Tint of Test:  11:16
FLO¥ RATES:
Coal P2 (/) 1152.00¢ LS (3/hr) i Total Air (#/hr)  15582.521
Carrier hir 92 (sefh) 12500000 L5 Sprit (I} 106/0 Stoi Air (4/hr}  NB2L4ED
Corsustion A'r PC (kpph) 5.0 ¥ lozzles Xess Air 5B (4/hr} 738,054
Nix Bust'e Air P {kppt)  5.560 Carr'r A/LS {sefh)  9540.270 Total Coal (#/hr}  2477,000
Coal NC [4,hr) 1325.000 C.A. Press (psig) Ede Nz1 Dfa  0.378 Total Gas (3/hr) 17833.00¢
Carrser hr B2 {scfh)  21713.000 Nozzles (threat): % 02 post SB Cabn 8.9:0
Cebn Air Sec Brer (kpphy  0.820 Injector (1ube): 50,000 Coe! Split PC (%)  46.508
te/s Ratio £.§%% Ca Utilization, %
STOILRINETEID LB (for (osl) 5,985 SCFH to #/hr 0.076
STOICR, 815 (4 210 tot fuel) 5,985
FAI's:  BOO phi 0,871 (ng Cale (Btu/sec) 0.000 Clng Weas (Btu/sec)  0.000 Flov #/sec 28800
BL phi 1.m Tote? flov assused equal over all 8 circuits:
¥ phi 0.43¢ FLUX (Btu/fee-see):
Querz!t phe gt Sec. drnr 1.001 # Al 0.089 2 Al 0.000 43 BAF 0.000  #4 SRS 0.000
i SRS 0.000 #5 SRS 0.000 #7PCET 0,060 ¢ TAP 0.000
EMISSIONS:
At stach AS meas. MR At Calc 5B 02 $/Mety
0 (%) 6.130
0 (o 16,449 19,900 2.0
N0 (ppm) 178.000 215,467 uean 0.30
802 w/LS  (ppm) 269.009 125,622 361,268 0.687
§0r wfo LS (ppm), calc  331.50% LIk . 49,418
AIR TENPERATURES (deq F):
hir Preheat Inlet 133,000 Preheat Outlat 417.000 Asbisnt  77.000
FLUE GAS TEMPERATURES {deg F): NATURAL GAS INPUTS:
F3 Air Preheat Inlet $14.000 G Prehaat Oullet d4d1.000 N Gas WBtu/hr___ % of Total Load: /4
STEANS (KPPH): Boiler 17,740 Flash Tk Total Steam 17,760
Press. {ps:g): Boiler 103.000 Flash Tank  193.008
Temps. (9 F): Boiler______ Flash Tank Fead K20 (deg F) 212.000

COMBUSTOR LOADS:  Ceal - WMBtufhr 19,785 Cooling (Coal + M Gas) - % 0,000  Cooling K20 Inlat (deg F)
Coa” + M. Gas - WBLy/hr 19,788

RESULTS: Staap Gen Eff'cy (%) 81,346 Fuel te Stews Flow Carr.  0.897
faiter Efficiency (3) 82.301 % 502 Reduction 19.1M Intresion Air (3/hr} 5813.76

RENARKS: TEST CONDITION: 20 MMATU/HR, PHI:1, WAXINUK DURATION, SWIRL DANPER AT 440 F1/5
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HEALY TESTS TEST SUMMARY I Pgs: ? Revision: t

Bate: §/18401
TEST: §13-K31 Date 04/26/91
PURPCSE:  GEKERATE § TONS OF BAGHOUSE CATCH FOR IR0

£0AL:  Source. HEALY PERF BLEND
Yltisate Analysis Applied
Coeposition (%) - Carbon: 47,450 Hydrogen:  3.620 Qygen: 15,600 Nitrogen: 0730 Sulfurs 0,340
Koisture: 10,830  Ash: 21,080 T250 (calc. deg F): AL BHY (Btu/1b): T4e8

LINESTONE: CANTNELL y Calh3:  99.400 NATURAL 68S: Btu/1b
Hydrogen (8 H2/8 NG):

Stoich air (¢ air/0 4G):

TEST PARAMETERS - COMBUSTOR FIRING CONFIGURATION:

Duration (mins): 146 Section: Tine of Tast:  16:00
FLON RATES:
ozl B2 [8/hr) 1185.000 1§ (3/hr} I Tote) Air {#/hr) 16252.521
Lerrrer Air 8¢ (scfh)  12500.000 L8 Sphit (IMM) 100/0 Stof Adr {3/hr)  14B12.348
Conpustion Air PC (kpph) 8,740 § Norzles Aess Afr SB (#/hr} 1380,175
1y Bustle o-r BC (kpphl 610 Carr'e A/LS (scfhl  9840.270 Totnl Coal (#/hr)  248%5,000
foa! KL (#/hr] 133,000 .M, Press (psig) Ede W21 Dia 0,375 Total fas (#/br}  18230.20%
Carrier At~ W2 [scéh)  2171,000 Nozzles (throat): % 02 post 58 Cabn 1.584
(rbr Air Sec frnr (kpph} 1,560 Injector {tube): 50.000 {oal Split PC (%) 46,478
£a/5 Ratio Cwa Ca Utilization, 3
STOICHIQWETRIC AZR: (for Coel) 5,985 SCEH te 9/hr 9.078
STOITE. AIR: th air/t tot fugl) 5,965
PHI’s:  BCC phi 0.959 Cing Cale (Bto/sec)  316.800 Cing Meas (Btu/sec) 569.528 Flow #/sec 20.800
P thi .14 Total flor assused equal over ¢11 & circuits:
M phi 0,939 FLUX (Btu/ft2-ses):
Overa'l phi at Sec. Brar 1.044 H Al 0.43 1Al 10717 03 BAF 2833 MRS 3,108
#5583 P # SHS 2.2 M PLET LT WA .90}
EMTSSIONS:
At ostack ks peds, At 302 AL Calc 58 02 §/Btu
02 (%) £.300
00 (pen) 14,900 11148 18425
NOx  (ppe} 178,000 11,958 204,281 0.330
502 /LS (pem) 90,000 355,102 KLIN 0.74§
S0n w/a LS (ppml, cale 333,83 ;I 433,426
AIR TENPERATURES {deg F): )
dir preheat Ialet 126.000 Protent Dutlet 414000 Ambient 77.000
FLUE GAS TENPERATURES (deg F): NATURAL GAS TNPYTS:
FG Air Preheat Inlat §13.000 FG Preheat Outlet 438.000 K. Gas WBtu/he % of Total Load: N/A
STEANS {KPPH): fofler 15970 Flash Tank  2.030 Tota) Stean  18.000
Press, (psii): Boiler 103.000 Flash Tenk 103,000
Tenps. (dg F): Boiler 338.000 Flash Tank 338,000 Feed K20 (deg F) 212,000

CONBUSTOR LOADS:  Coal - MWBtu/hr  19.250  Cooling {Con} + N Gas) -3 10.329  Cooling W20 Inlet (deg F) 343.000
Coal + N, Gas ~ NNBLu/hr 19,830 .

RESULTS: Staae Gen Fffcy (%) 81,306 Fuel to Stean Flew forr,  0.886
Boiler Efficiency (%) 80.218 % 802 Reducticn 11,984 Intrusion Air (#/hr} 5649.31

RENARKS: TEST CONDITION: 20 WWETU/MR, PHI=1, WAXIMUN DURATION, SWIRL DAMPER AT 440 FT/S
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HEALY TESTS TEST SUMMARY 1 Pgs: 2 Revision:
Date: 5/20/01

TEST:  dad-kld Bate  05/14/91 :

BURPQSE: GEKERATE & TONS CF BAGHOUSE CATCH FOF NERO

COAL: Source: HEALY PERF BLEND

U1t mate Analysis Applied
fopposition (8) - Carhon:  d7.450 Wydrogen:  3.620  Oxygen: 45,580 Witrogen:  0.130 Swlfer: 0,340
¥oisture: 10,830 Ash: 21,060 7250 {calc, deg F): a1k MY (Btu/1b): 1488

LINZSTOKE: CANTWELL § {alhy: 90,400 RATURAL €AS: Btu/tb
Kydrogen (B H2/8 #G):

Stoich air (4 air/¢ NG):

TEST PARAMETERS - COMBUSTAR FIRING CONFIGURATION:

Juratior (mins}: 154 Section: Time of Test:  12:U
FLO RAZES:
Soa} PC (#/hr) $167.000 1§ ($/hr) 95,400 Total Air (B/hr) 17042521
Careter Afr PC (scfh)  12500,000 1S split (E/N) 100/0 Stoi Air (#/hr)  15027.452
Teabustion Arr Y Cipph) 5,040 # hozzles Tess Air 88 (#/hr) 2014.568
i Bustle Air BO (hpph} 5,400 carc'r A/LS (sefh)  §540.270 Total Coal (0/hr)  2511.00¢
ot NC (4/hr) 134,000 C.A. Press (psig) Ede K21 Din 0375 Tota) Gas (#/hr)  15087.413
Carreer Air MO (seth)  21710,00¢ Nozzles (thraat): % 02 post SE Cabn 2,308
Cotr hor Ses Brnr (kpeh) 2,270 Injector (tebe): 50,000 Coal Split PL (%)  46.47¢
{4/§ Ratio 1,238 fa dtilization, § 1151
STOICHIZNETRI: AlR: (fer teal; 5388 SCEH to #/he 0.078
ST0T:E. MIR: [k air/y tot fue') L0648
Pel's: ORI M b.o87 Clng Cale (Mtufsee) 354,240 Ulng meas (Dtu/sec) 547.093 Flow #/sec 28200
PC phi 1. Total flow assumed pqual over 211 8 circuits:
M phi 0,838 FLUX (Btu/ft2-sac):
Gvevall pho oa: Sec. Brar 1,084 # AL LT N 0.418 83 BAF 2.6 MSRS 3.2
§3 SR8 2.0%0 IR H 2,00 T RLET LM KTAP 0.817
ENISTIONS.
At staci AS Bess, MRQ M Cale 5B 2 §/%By
Q% .20
0 per) 15,530 19,042 0.1
Wx {ppm; 159,100 135.002 202,583 [ H
82 w/Ls (pon) 205,100 %220 %1919 0532
SO w0 LS (ppes, czle 332,800 404,086 418,928
AIR TENSERATURES (deg F):
Air Prehest Inlet 136.000 Preheat Outlet 348,000 Anbient 17.000
FLUE GAS TEMFERATURES [deg F): KATURAL GAS INPUTS:
FG Air Praheat Inlet 568.600  FG Proheat Outlet 392,000 N, Gas WBtu/hr__ . ¥ of Total Load: /4
STEANS (KPPR): boiler 15.820 Flash Tank 1930 Total Stean 17,470
Press. (psig): Boiler 103.000 Flash Tank  103.000
Temps. (dg F}: Baiter 338,400 Flash Tamk 332,400 Fead #20 (deg F) 212.000

SONBUSTOR LOADS:  Coal - WMBtu/hr 20,058 Cooling (Ceal ¢ NGas) -3 9,819  Cooling H20 Iatet (deg F) 342.200
Coa' + N, Gas - MEZtu/hr 20058

RESULTS: Stear Gen Eff'cy ()  82.548 fuel to Stesa Flov Lorr, 0,837
Boiter Effaciency () 81,885 % 502 Reduction 37.41% Intrusion Air {#/hr} 4327.9%

REMAENS: TEST CORRITION: 20 WMBTU/HR, DAMPER SETTINGS (%,%0%
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HEALY 1578 TEST SUMNARY 1B t flevision:

Date: 5/20/%1
TEST: 524-435 Date  05/14/91
PUIPOSE: GEMERATE & TOKE OF BAGHDISE {ATCH FOW NIRO

COAL:  Source: WEALY PERF BLEND
H1tinate dntlysis Applied .
Compasition () - Carbon:  471.450 Mydrogen:  3.620 Oxygen:  15.980 Kitrogen: 8,130 Sulfur:  0.340
Neistore: 10,830 Ash:  21.060 T250 (calc. deg F): 1S WY (Btu/1b): 1988

LINESTOKE : CARTHELL 3 aC03: 90,400 NATORAL GAS: Btu/ib
Hydrogen (# H2/0 NG):

Stoich air (8 air/s MG):

TEST PARANETERS - COMBUSTOR FIRING CONFIGURATION:

Duratien {nins): 148 Section: Tise of Test:  14:50
FLON RATES:
foal 80 (#/Ar) 1171.006 LS (#/hr) 48,000 Total Air (3/kr)  16208.521
Carriar Air PC (sefh)  12500.000 LS Split (I/N) 100/0 Stod Air (#/hr)  15150.818
Combustron Air BC (kpph) 6,450 § Nozzles Kess Air SB (0/hr) 1048.902
¥ix Bustle Air % (kpph)  5.M96 Carre'r AJLS (scfh) 3540270 Jotal Cog) {(B/hr)  233).0%0
Coat W2 (#/Pr; 1356, 000 C.A. Prass (psig) Edc Nzl Oia  0.375 Total Gas (a/hr)  1£229.539
Careder Air NG (sefn)  29710.000 Nozzles (throat): § 02 post 58 Cabn 1,261
Cobn A~ Ses Brar fhpphd 0,520 Injector {tube): 50,000 oat Split PU X}  4B.4B7
ta/8 Ratio 1.618 Ca Utilization, 8§ 23,120
STCISHIZMET=IC IR (for Coz') £.985 SCFH te #/hr 6,018
§TCILA. ALE: o3 airis ot fusl) 5988 -
PHI's:  PCC g 1,051 Cleg Calc (Btu/sec)  246.680 Cing Meas (Btu/sec) S575.129 Flow #/sec 28.300
oo 1,888 Tota) flow assuaec equal over &11 B cirguits:
Mo i 9,381 FLUX {Btu/ft2-see):
fverzl pht 4t Sec. Brar 1.8 HAL 0. .M 1Al 1,060 #3 BAF 2,216 B4 SRS 3. 088
$SRS 22200 OGSRS  .220 MTRCET LMY MM 1M
ERTRSIONS:
AL stank A mezs. At 33 02 At Talg S8 02 §/maty
0: (%, 5,560
(0 (pom} 18,420 1.4 23,554
KOr  fppr) 148,200 113,932 190,782 0.264
G wilS  {pom) 13170 240514 1258 0.5
8Cy w/e LS (ppe), caic 348827 404504 442,020
AIR TENPERATURES {dag F!:
Air Preheat Inlet 138,500 Preheat Outlet 403.000 Ambiant 17,000
FLUE GAS TEMPERATURES {deg F): NATURAL GAS INPUTS:
F6 Air Preheat Inlet $03.%00 FG Prahaat Outlet 421,800 N Ges mBtofhr_ xof Teta) Load: Nk
STEANS (KPPH): Joiler 16,080 Flash Tenk 2,050 Tota] Steaa 10130
Press. (psig): Boiler 103.000 Flesh Tank  103.000
Temps, {dg F): Boiler 338,000 Flash Tank  330.000 Fond W20 {deg F) 212,000

CONBUSTOR LCADS:  Ceal - abtu/hr 20,234 Cooling (Coal ¢ WGas) -3 10.233 Cooling H2C Inlet (deg F} 343.00C
Geel ¢« N, Gas - MNEtu/hr  20.2M

RESULTS: sean Ger Bff'cy (8) 82,232 Fuel to Steas Flow Corr, 0,308
foiler Cfficiensy {3) 81,200 % 802 Reduction 32,333 Intrusion Afr ($/hr) 17U

REKARYS: TEST CONDITION: 2C WMBTU/MR, DANPER SETTINGS 03,508
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HESLY TESTS TEST SUMNARY b Pgs: 2 Revision: 9

Date: 5/31/91
TEST:  525-#i6 Date  0§/18/91
PURPCSE: GENERAT: § TONS OF BAGHOLSE CATCH FOR WIRD

COAL:  Source: HEALY PERF BLEKD
Ultinate Analysis Applied
Composition (3) - Carbom: 47,430 Mydrogen; 3,620 Oxygem: 15,980 Witrogem:  O0.730 Sutfur 0,340
Moisture: 10,830  Ash: 21,080 T250 (calc. deg F): ans HHY (8t4/1h}: 1988

LIMESTONE : CANTWELL ¥ Caldd:  90.400 KATURAL GAS: Bu/1b
Hiydrogen (B K2/0 ¥G):

Stoich air (¥ airf8 K3):

—— ——

TEST PARRMETERS - COMBUSTOR FIRING COMFIGURATIOK:

Buratior {ming): 180 Section: Tine of Test:  14:25
FLOK EATES:
Ceal PC (#/hr) 1160, 008 1§ (#/hr) 49,600 Total Air (k/hr)  18212.521
Carrier Air PC {s2fR)  12500,300 1§ Split (I/N) 100/0 Stof Afr {#/hr) 14934144
Combustice Air PC (kpph)  6.080 $ Nozzles Xess Air SO (#/hr) 263,387
K1 Bustle Air PC {kpph) 5,820 Carr’r AJLS (scfn) 94540270 Totd! Coat (/hr)  2487.000
Coal MC (8/nr, 1337,000 C.A Press (ps1g)  Bde N2} Din 0,375 Tota) Gas {8/hr) 1725.88
arrier har NC (safh)  21713,000 Nozzles (throat): 1 02 post SB Caon 0.3
Cabr Aar Ses Brar {kpsh)  0.000 Injector (tube): 50.00¢ Lozl Spliz PCES) 46,450
a5 Ratio 1.693 Ca Utidization, & 342U
TIICH.ONE BT kIR [for foal) 5,985 SCFH te /N 0.0
STOZCR, A8 (¥ asr/# 1ot fuel) 5,983
PRI's: I pm 1.008 Clng Caic (Btu/sec)  321.840 Clng Meas (BtL/sec) 429.20% Flow fsec 28800
B 1,841 Tota' fiow assured aqual over all @ circuits:
NC g 9.959 FLUx (Buu/fL2-sec):
Goerall phyat Ses, Brar 0,888 H il .60 R 1083 43 BAF LA MSRS 2.8
15 SR8 2.300 ) 030 #TPCET LUY KA 0.54%
FISETONS:
b ostach Ay pR3s. Y Y MGl 8 0 /Mty
e % £.120
8 (po) 5,060 b8 §.5
kCx o (pom) 142,300 112131 197,569 0.281
§62 4/15  tppr) 139.800 *69.113 194,008 0.358
$2ra/e i (ppr), cale 337583 570 46,563
AIR TEMPERATURES (deg F):
Air Preheat Inlat 151,600 Preheat Qutlet 396,300 Ambient  71.000
FLUE GAS "ENPERATURES (deg F): JATURAL GAS INPUTS:
FG Air Prehet Inlet 596,600 FG Preheat Outlet 417,000 K. Gis WBtu/hr % of Tota} Load: /A
STEANS “KPPH;: Boiler 15,25 Flash Tank 1,74 Total Stemn 17.000
Press. {psi3): Boiler 133,000 Flash Tank 103,000
Temps. (d3 F): Boiler 338,200 Flash Tank 330,200 Fred H20 (deg 7} 212.000

CONSUSTOR LOALS:  Coml - WMBtu/hr  19.848  Cooling {Coal) + A Gas} - % 8.831  Couling M20 Infet (deg F} 341,000
Cosl + K, Gas - MNBtu/hr 19,948

RESL.TS: Steam Gen Ef'cy (X) 32,045 Fue! zo Steam Flow Corr,  0.952
Borler £fficoanzy (3) 81,387 8 SO02 Reductien 8145 Intrusion Air ($/hr) 4324.06

RENARKS: TEST DONCITION: 20 WMBTU/HR, DAMPER SETTINGS (%,5C%
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HE~.r TES™S TEST SUMMARY § Fos: 2 fevision: €
Date: 5/31/%
TEST:  Saf-nd? fate  05/16/91
PURPISE: GEREZATE § TONS OF BAGROUSE CATCH FOR KIRO
GOAL:  Scurce: HEALY PERF BLEND

Ulttmate Analysis Applied

Cozpesition (%) - Caraon: 47,450 Kydrogen: 3,620 DOxygen: 15,980 Nitregen: 0,730 Sulfur:  0.040
Neistore: 10,830 Ash; 21,060 T250 (cale. oeg F): s KBV (Btu/1b): 1988
LINESTIONRE: CANTNELL % Calhd: 90400 RATURAL GAS: Btu/Tb ___ Stoich air (B air/0 N3):

TEST PARAMETERS - CONBUSTOR FIRING CONFIGURATION:

Hydrogen (& H2/8 NG):

Duration (ming); [1] Section: Tise of Test:  20:30
FLON RATES:
Loal #C (8/hr} 1168.002 LS (4/hr) 50,400 Total Air (#/hr;  15582.54
Carrier Air PC (sefh®  1250C.000 L5 Splt (1MW) 100/0 Stoi Air (8/he)  15033.93
Sombustian Air PO (hpph) 6,370 § No7zles Xcss dir 58 (0:hr) 518,584
Wiy Bustle 41 PC ikpphl 5,840 farr'e A/LS (sefh}  9540.210 Tetal Coa® (#/hr)  2812.000
Coal W2 {1, hr, 134,000 C.h. Press (psig) Edc Wz° D°n  0.373 Total Gas (#/hr)  17558.057
career Ae MO (safh) 216,000 Nozzles (throat): L 92 post SE Cabr 0,545
Cetr dor Seo Bree (kpph)  0.000 Injector (tube): 50,000 Conl Split PC (3)  46.497
a8 Ratie .10 fatilization, 3 32.004
STOICRIONSTRTC LIR: [for Coal) .98 SCFk Lo 1/hr 0.076
STOITKL AR o zir gt fpeld L LH
PEi's:  FOC pm T Clng [alc (Btu/sec)  392.400 Clng Meas (Btu/sec’ 569,528 Flow #/sec  28.800
Bt 1,883 Total fiow assumed equal over #11 2 girsyits;
K. tH 0,986 FLUK (Bte/ft2-see):
Ceera'l pre al Sec, Brrr 0,986 1Al 0,581 AL 1,205 83 DAF 2,800 MRS 1T
B5 SRS 3,330 TN 2000 T PCET 2561 g9 TAP 0.484
ERISTIONS:
b ostack AS mess, A3 02 At Calc 5B 02 /Bty
N §.170
(0 (erl 5.800 1.9 0.2%6
K (ppe) 159.00¢ W14 21,438 0.30%
$0rwiis {ppr) 144,000 182,140 205,480 0.38
§0+ w0 LS (por;, calc 32361 404,564 455,120
ALP TEMPERATURES 1deg F):
Air Preheat [nlet 143,000 Preheat Outlet 102,000 Ambient 17,000
FLUE GAY TENPERATURES {deg F): NATURAL GAS INPUTS:
FG Air Prahest Inlet 599.000 FG Preheat Outlet 399.000 N Gas WBtu/hr____ %of Tota! Load: W/k
STEANS {rpuw:; Boiler 13,570 Flask Tank 2,030 Total Steam  15.500
Press. (psig): Boiler 103,000 Flasn Tank  103.000
Temps, (¢g F): Boiler 330.000 Flash Tank  338.000 Fead H2O (deg F) 212.000
COMS.STIF LOASS:  Coxl - WBtushr 20066 Cooling (Coa) + W Gas) - % 10.21¢  Cooling %20 Inlet (deg F) 341,000
ozl ¢ N, Gas - WMBsu/hr  20.066
RESYL™E: Steam Ger Eff'cy (%) 82,203 Fusl to Steam Flow Corr, 1,048
Baiter Efficiency (8} 81,205 1 502 Reduction 54,742 Intrusion Air (8/hr) 13427
REMLRRS: TEST LCKOITION: 2C WMBTU/W®, DAMPER SETTINGS 0%,50%
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HEALY TESTS TEST SUMMLRY $ Pgs: 1 Revision: {

Date: 573191
TEST:  37-h3f Dete  08/17/00
PURRGZE: GENZRATE § TONS OF BAGMOUSE CATCH FOR NIRD

CAL:  Sou-ce: HEALY PERF BLEND

Ultinzte Anglysis Applied
forosition (%) - Carbom: 43,480 Wydrogen:  3.620  Oxygens 5,980 Witrogen: 0730 Selfur 0.3
Noisture: 10,830  Ash: 21,060 T250 (calc, deg f): M3 WY (Btu/1b): 1988

LIMESTOKE: CANTMELL Y Cat03:  90.400 NATURAL GAS: Btu/th
Nydrogen {8 K2/8 XG):

Stoich air (4 air/# NG):

TEST PARIMETERS - COMBUSTOR FIRING CONFIGURATION:

uration {mins): 164 Section: Tine of Test: 1238
FLON BATES:
Soal 2 (#/h") 1156, 000 i (Hhe) 42,000 Tota] Air (B/he)  15822.501
Larrier hir BC {scfh}  12500.000 LS Split {I/K) 100/0 Stof Air (B/hr) 14884015
Certusceon Air PC (kpph) 6,390 1 Nozzles Xess Air S8 (#:hr)  §38.20¢
Mix Bustle AT PC (kpph)  6.100 Carr'r A/LS (scfh)  9540.270 Total Conl (#/hr)  2481.000
Tz’ W (#/hr 1331.00¢ C.A. Press (psig)  Ede Nzl Dia 0,175 Tota) Gas (#/he) 17807247
Carier Arr MC fscfh)  21710.900 Nazzles {threat): ¥ 02 post SB Cebn 1,189
Cean Atr Sec 3tnr ikpph)  0.CO0 Injector {tube): 50.000 o] Splat PO (%) 46,482
C&/8 Ratic 1,545 Ca Utilization, ¥ 21,664
STCCTHICWETR: AZR: ifer io2l) 5,983 SCEH tc B/hr 0.076
STCICK, A18: 03 a7y ot fuel) §.585
BRI's:  PiC g 1,050 Clng Cale (3tufsec)  358.920 Clng Meas (Btu/sec) S43.880 Flow 3/sec  28.800
Bl oni 1,842 Total flow assumed equal over ali B cirguits:
e opre 1.014 FLUK (Beu/ft2-sec):
Cyarall phi gt Se:, Brar 1.0 8A 0.318 1Al 1,000 #1 BAF .91 B SRS 3588
PR 2.855 ¥ SRS 062 B PCET 2,31 B TaP 0.003
BMTESIINS:
K staty Ay mezs. S ) R )] $/Wetu
PI iy 5.080
&0 {pam) 1.8%0 §,328 10,286
ki fpom) 141,000 167,968 185,213 0,258
50: w'ts  [pem) 162,000 192.488 212,840 VR
Sy /e LS (ppel, cale 342504 404,585 44,285
AP TEMPERATURES (deg F): .
Air Prehegt Inlet 142,000 Preheat Outlet 401,000 dnbient 71,000
FLUE GAS TEMOERATLRES (deg F): WATURAL GAS INPUTS:
®G Arr Praheat Inlet 637,000 FG Preheat Qutlet 424,500 N Gas WBty/hr X oof Total Load: KfA
STEAMS (KPPH): Boiler 14,900 Flash Tank 1,860 Totel Stean 16,060
Press. (psigh: §oiler 103.000 Flash Tank 103,00
Teaps. (¢g F): Boiler 338.000 Flash Tank 338,000 Fead WO (deg F) 212.000

COMBUSTOR (CADS:  Coal - WMStufhr 19,366 Cooling (Coal ¢ W Gas)-%  9.965  Cooling K20 Inlat (deg ¥} 342,000
Coal + K. Gas - MNBzu/hr 19064 .

RESLLTS: Steap Gen ESf'cy (3)  81.954 Fuel to Stear Flow Corr. 0,955
Boiler Effrciency (3) 81,042 % 502 Redyctiom 52.101 Intrugion Air (#/hr) S5289.T1

RENARSS: TEST CONDITION: 20 ¥WBTU/HR, DAMPER SETTINGS 0%,50%
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HEALY 78878 TEST SUNMARY $ Pos. 2 Revigion: 9

Date: §/31491
TEST:  B2B-HYS Date  DS/1/M
PURSCSS:  GENERATE § TONS OF BAGHOUSE CATCH FOR WIRQ

COAL: Source: HEALY PERF BLEND
Ultinete Analysis Appiied
Composition (%) - Cardon: 47,450 Hydrogen:  3.620  Oxygen: 15.980 Nitrogen:  0.730 Sulfur: 9.340
Moistyre: 10830 Ash: 21,080 1230 (calc, deg F): s kY (Btu/1b}: 1988

LINZETONE; CANTELL ¥ Cafod: 90400 NATURBL GAS: 8ta/1d
Hygrogen (1 H2/# NG):

Stoich air (B air/d NG}:

TEST PARERETERS ~ OMBUSTOR FIRING CONFIGURATION:

Duration (wins): 130 Section: Tine of Test:  6:4b
FLOW RATES:
{oa! PC (#/hr) 173,000 4§ (3/hr) 49,000 Total Air (B/hr) 16842521
Larrier v FC (scfh)  12500.000 1§ Split (I/M) 100/0 Stoi Air (B/hr)  15111.74¢
Corhustion Air PO {kpph)} 6,190 § Nozzles Xess Air 8B (#/hr) 1730701
bix Bustle Air B0 (kpoh) 6,020 Care'r ALS (sefn)  §340.310 Tota) Cott (8/hr) 2525000
Coal NC (8/hr) 1352.000 .. Press (psig) Edc Azt Dia  0.375 Tota! Gas {4/hrj  10057.6%2
Ce-rrge Air M2 (scfh)  21710.000 Kazzles (theeat): % 02 post 5B Cmbn 2,005
Cebr hir Sec Bror (kpph) 1.2¢9 Irjector (tube): 50,000 Conl Sptit PC (%) 45,488
fa/s Fatio 1,684 Ca Utitization, ¥ 30,397
STOI RIOMETRIS AIR: (for (oald .98 §iFH to 0/hr 0.076
STQICk. ATE: 1 217)% tor fuel) §.908 _
PHI's:  OG¢ pni 1,018 {lng Calc (Btufsec) 315,300 Cing Meas (Btu/sec) 521.233 Flow #/sec 20.300
PC phi 1,475 Tota} flow tssused egual over ¢11 6 circuits:
K. phy .48 FLlX (Btu/ftd-sec):
Qveral’ pho & Sec, Bram  1.06¢ #Al 1.0 1A 0.824 43 BAF 2.1 MRS .18

BSRS 2319 BB SRS .t AT PCET 2.1 W TAP C.00C

ENISSIONS:

tstack ks m28. At 3302 At Cale B 02 $/minty
02 % 5,660
€ [par) 12,800 15.020 15.850
KOv ippa’ 11,00 144,222 157,261 0.228
802 w/LS  (ppe) 171,000 20¢.652 211,748 0.423
S w/o LS (ppr), cale 1AM 404,582 425,947
AIR TENPERATURES (dug F):
Air Prehest Inlet 140,801 Prahest Outlet 409.800 Ambient 77,000
FLUE 415 TENPERATURES (deg F): NATURAL GAS INPUTS:
FG Air Preneat Intet 450800 PG Preheat Outlet 429.000 N, Gas MMBtu/hr g of Totel lead: N/A
STEANS {KPPH): Soilar 15,740 Flash Tenk 1,060 Total Stean 11.600
Press. (psia): doiter 103.000 Flesh Tank 103,000
Temps. (dg F): Boiter 331,000 Flash Tlnkl 331,000 Fead W20 (deg F) 212,000

CONBLSTOR (CADS:  Coa’ - MNStu/br 20,770 Cooling (Coal + NGas) - % 9.314  Tooling H2O Inlet (deg F) 342,00
Coai + N, Gas - WNBtufnr 20170

RESULTS: | Steae Gen Eff'cy (3) 81,950 Fuel to Stear Flow Corr,  9.920
Boiler Efficiency (3) 81,177 % 502 Reduction 50,208 Intrusion Air {8/hr) 4289.07

RENARKS. TEST CONDITION: 20 WMETU/HR, DAWPER SETTINGS 0%,50%
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HEALY TESTS TEST SUNNARY § Fgs: : Pevision: ¢

Date; §/3/0
TEST:  524-H4D Date  08/11/0
PURPOSE: GERERATE 5 TONS OF BAGHOUSE CATCH FOR NIRD

E0AL:  Source: HEALY PERF BLEKD
Ultimate Analysis Applied
Cemposition (%) - Carbon: 47,450 Hydrogen:  3.§20  Oxygen: 15,980 Nitrogen:  0.T30 Sulfur: 0,340
Koisture:  10.830  Ash: 21,080 T250 (calc. deg F): 1§ v (Btu/1b): 1468

LINESTONE: CANTHELL ¥ Cac03:  90.400 iATURll GAS: Btu/lb Stoich air (b air/s NG):

Kydrogen (# H2/# NG):

TEST PARAMETERS - COMBUSTOR FIFING CONFIGURATION:

Curation (ming): 14 Section: Tioe of Test:  10:42
FLOW RATES:
ozl PZ (3'hr} 164,500 1§ (3/hr) 50.300 Totad Air (3/hr)  18451.501
Carrier hir BT (s¢fh)  12500.000 LS Split (I/M) 106/0 Stoi Air (#/hr)  15021.020
Cosbusticn Air PC (kpph) 6,086 § Noz2les Kess Air SB (#/hr) 1456.500
Kix Bustle &ir BT (kpph) .94 garr'r AJLS (sefh)  9540.210 Tota! Coal (#/hr)  2506.5C0
oa: M0 [4/rr) 1345000 LA, Press (psig)  Ede M1 Dia 0,375 Total Gas (¥/hr)  1B45£.472
Carrier Air M (scfh)  21712.000 No1zies (throat): 1 02 post SB Cubn 174
Cabo Air Sec Brer (hpeh) 1,086 Injector {tube): 50.000 Coal Split PC {8) 46,458
Ca/§ Ratio 1. Ca Utilization, ¥ 28.467
STOICHIOMETEID &IF: (for Ccal) £.48 SCFH to #/hr 0.076
STOoCA. AL (8 air/s too fuel) 5,985
Pil’s:  P0C phi 1.012 Cing Cade (Btu/sec) 361,080 Clng Weas (Btu/sec) 577.944 Flow #/sec
PL phi 1.863 Tatal flow assumed equal over 111 § circuits:
¥ ph 0,976 FLUX (Btu/ft2-sec):
Jverall ohi at Sec, Brar 1.069 Ml 0.31 $ Al 0.742 3 BAF 2.581 b4 0RS
(1 1] .80 5 SRS 2,668 NI PCET 2,400 K TAP
ENISSITNS:
At stah ks mes. [T 7] At Cale B 02 7L LCH
02 (1) 5,468
¢ (ppr) 84300 98,449 108,907
Nx {com) 116,200 135,012 144,506 0.204
§02 w/LS  {ppr) 188,000 220713 238,266 0,453
S0 w/o LS (ppm), cale 347,183 IR 431,966
AIR TEMPERATUFES (de3 7):
Atr Prebeat Inlet 139,500 Prehaat Outlet 427.000 Ambient 77.000
FLUE GAS TENPERATYRES (deg F): RATURAL GAS INPUTS:
FG Air Prehest Inlet 612,000 FG Preheat Outlet 415,000 N. Cas MRbtufhr % of Tota) Load:
STEARS (RPOH): Boiler 15.9%0 Flash Tank  2.060 Total Stesa 12,010
Press. (psig): Boiler 103.000 Flash Tank  103.000
Tenps. (49 F): Botier 338,000 Flash Terk  338.000 Feed H20 (deg F) 212,000

CONEUSTOR LOADS:  Coal - WMBtu/hr 20,022 Cooling (Coa} ¢ W Gas) - % 10,392 Cooling K20 Inlel [deg F} 343.000
foai + K, Gag - WMBtu/hr 20,022

RESULTS: Siear Gen Eff'cy (%) 02,338 Fue! to Steam Flow Sorr.  £.904
soiler Efficiency (V) #1039 1 502 Reduction #5.:M1 Intrusion Air {8/hr) 4501.08

RERARLS: TEST CONDTTICK: 20 NWBTU/HR, DAMPER SETTINGS 0%,50%

28,300

4,028
-0.m

/A
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BEALY TESTS TEST SURMARY § Pgs: 1 Revision: §

Date: 5/31/¢
TEST:  530-We¢ Date  08/2t/91
PURPISE: GEMERATE 5 TONS CF BAGHCUSE CATCR FOR WIRD

COAL:  Source: HEALY PERF BLEKD
Uitimate Anaysis Applied
foepasition (8) - Carhom: 41,450 Hydrogen:  3.620 Oxygen: 15,080 Nitrogen:  0.730 Sulfur: 0,340
Noisture: 10830 Ash: 21,060 T250 (calc. deg F): U HHY (Bty/1p): 1988

LIKESTONE: CANTHELL ¥ 203 90,400 NATURAL GAS: Btu/lb
Hydrogen (9 H2/8 NG):

Stoich ¢ir (# air/t X6):

TEST PARAMETERS - COMBUSTOR FIRING CONFIGURATION:

Durgtion {mins): 202 Saction: Tise of Test:  12:50
FLON RATES:
Cozt 0 (#/hr) 1179.000 LS (#/hr) 48,000 Totel air (3/hr) 1637552
Carrier fr PO Lscfh)  12500.009 LS Split {I/%) 100/0 Stof Air (B/hr}  #6177.87:
{ewbustian air BC (kpph) b,230 § Kozzies Xcss Air §3 (#/hr} 197,548
M Bastie Air BC (igph) 6,000 tare'r A/LS (3cfR) 930200 Total toal (#/hr)  2%36.000
Cozl KC (#/hr) 1357,000 C.A. Press (psig) Ede Wzl Din  0.37% Tota) Gas (B/hr)  13398.878
Carrser Arr MO (safh)  21740.000 Nozzles {throzt): % (2 pest 58 Cedn 1.422
Cabn Air Sac Brer (kpoh)  9.80% Injector {tube): 50.000 Coal Sphit PC (%) 46,488
sa/s Ratio 1.6 Ce Utitization, 8 28,127
STOLONIOMETRIZ AIR: for Co2') 5,988 §C7H to #/hr 0.01%
ST87Ch. ALE: (5 air({s ton fuel) 5188 ~
PHI's:  Plipm 1,018 Cing Calc (Btu/sec) 314,400 Clng Meas {Btu/ssc) 678.805 Flow #/sec  20.800
Fo phi 1,068 Tota™ flov tssused equd) over a11 B circyits:
o ph 0.1 FLD» (Btu/fe2-ses):
Qverzl” phi st Sec. Bror 100 H Al .43 Al 1117 33 BAF 3033 34 SRS .92
85 SRS .03 6 SRS 2062 TPCET 2200 B TP 0.454
ENTSSIONS:
i osnack ks wees, At 302 At Calc 5B 02 1/midty
iR Y 5630
e (pon) %42 23414 26,010
N (pre 18170 138,340 150,521 0.210
§02 w15 (ppm) 188,300 220,169 239,488 0,464
Sthow:s LS (paw), cale B 404,59¢ 430,469
ALR TEMPERATURES (dug F):
Air Preheat Infet 133,000 Preheat Outlet J66.000 Aebient  77.000
FLUE GAS TENPERATURES (dag F): NATURAL GAS INPUTS:
FG Ar Preheat Inlet SOC.C00  FS Prahest Cotlet 392,000 N Gas mBtu/he___ 8 of Total Load: WA
STEANS (XPPE}: Boiler 15,200 Flash Tk 2,11 Total Steaw 17.450
Press. (psig): Boiter 103.900 Flash Tank 103,000
Temps. (dg F): Boiler 330,000 Flash Tank  320.00¢ Fesd H20 (dog F} 212,000

COMB:STOR (OADS:  Coal - mMBtu/hr  20.258  Cooling (Conl ¢ M Gas} -3 10,899 Cooling H20 Infet (deg F} 343.000
Soal + K. Gas - Wdtu/hr 20,283

RESULTS: Steam Gen Eff'cy (3) 83,110 Fuel to Steam Flow Corr, 0,954
Bailer Efficrency (§) 82,168 % 502 Reduction ¢5.306 Intrusion Air (8/hr} dT74.85

REMPIS: oML TWECTOR PUSHED IN 0. (6" AkL = provions) 2 Bhd ) b oandk e b bk
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HEALY TESTS TEST SUMMARY t Pes: 2 Revision: ¢
Dete: 6/10/91
TEST: §31-h4? Jate 05/20/91
PURFCSE: GEWERATE 5 TGRS OF BAGROUSE CATCR FOR NIRO
Wit H Source: HEALY PERF BLEKD
Uitimate Analysis Applied
Sompusttoan (X) - Carbon:  47.450 Bydrogen:  3.620  Oxyger: 15.480 Nitroger:  0.730  Sulfur: .10
Noisture: 10830  Ash: 21,060 7250 (cale. deg F): M5 #v (Btu/1b): 1988
LIMESTONE; CAKTNELL 1 Caltl: 90,400 NATURAL GAS: Btu/1b Stoich air (4 air/® NG):
Hydragen (0 N2/8 NG):
TEST PARAFETERS - COMBUSTOR FIRING CONFIGURATION:
Ouration (mins): 111 Section: Time of Test:  13:15
FLOW RATES:
ozl FL (#/nr) 1168, 060 LS (8/hr) 40,000 Total Mr (4/hr)  18783.541
Carrier Air Fo {sefn)  12500.000 LS Split (I/%) 106/0 Stol Air (8/hr)  15039.821
tombustion Avr BC (kgph) 6,220 b Nozzles Xess Air 88 (Bihr) 743588
Nix Bustle At U (wpph)  6.BE8D Carr'r A/LS (scfh)  9540.270 Tota) Coti (B/hr)  25:03.008
Coai M (#/tr, 1345, 000 C.A, Press (psig;  Bdz N2) Dia  0.375 Tolal Gas (#/hr) 17785.190
Carrier Aor N2 (sefh)  21T10.300 Rozzies (tnroat): 1 02 post SB Cmbn 0.9
Ceon Air Sec Brar (kpph) 0,499 Injectar {tute): 56,000 o2l Sahit L (3) 46478
Ca/S Fatio 1,351 Ca btilization, 8§ 3.2
TOIRIIMETRIC MR (for (el 5,48 SCFH to 3 .07
§TCITE. AIR: {4 zir/w tot fuel, 5,985
PHI's:  FO{ ohi ] £ing Cale (Btu/sec) 392,400 Vng Meas (Btu/sec: §2%.833 Flow #/sec
P phi 4] Tota} fiow essumed equat over 271 & circuits:
¥ oohe 0.478 FLUX (Btu/ftl-sec):
Jsera’lopre 2t Ses. Brar 1,00¢ 1A 0,435 M LT 03B 3,086 M SRS
5 SRS 2855 ¥ SRS 2,220 MTRLET 2,347 #9TAP
EMISTIONE:
At stack As peas, At 3% 02 At Calc 88 02 /Bty
02 iy §.0:0
0 iper) 34,300 .29 46,035
50x  ippr) 126.000 151,706 169.28: 0.2i¢
S0 w/LS  (peml 177,000 HAERIL 31,818 9.450
50 wio LS (ppe}, cale  339.1T4 404,675 469,488
LIR TEMPERATURES (deg F):
Air Prevnest [nlet 136,000 Preheat Cutlet 405.000 Aabient  77.000
FLUE GAS TEMPERATURES (dug F): NATURAL GAS TNPUTS:
Fa Air Prehet Inlet 25,000 FG Preheat Outlet 423.00C N Sas WBtu/br_____ % of Total Load:
STEAMS {KPPH): Boiler 15,450 Flash Tank  2.238 Tote] Steam 17.680
Press, (psig): Boiler 103.000 Flash Tank  103.000
Teps. .49 F): Boiler 332.000 Flash Tank 330,000 Feed W20 (deg F) 212.800
CONGS"CF LCADS:  Coal - WuBtu/hr  20.074  Cooling (oal # MGas) - % 11,220 Coslung H20 Inlet {deg F} 242.000
Cesl ¢ N, Gas - WBtu/hr 20,004
BESULTS: Sieaw Ger Eff'cy (%) 81,940 Fuet to Steae Flow Corr, 0,919
Boiler Effrciency (%) 86725 % 502 Reduction 47.092 Intrusion Air (8/hr) 578044

R I 857 LI IELTOR, ( Moael e acsienity)

26.400

4,088
g, 454

LA
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HEALY TESTS TEST SUKMARY i Pgs: 2 Revision: 0

Date: §/10/0
TEST:  B3C-H4i Date  05/20/9
PURPOSE: GENERATE 5 TONS OF BAGHOUSE CATCH FOR NIRG

LOAL: Source: HEALY PERF BLEND
Uit rmate Analysis Applied
Cerposition (X) - Garbon: 47,450 Hydroger:  3.620  Oxyger: 15,900 Nitrogen: 0,730 Suifer; . 0,040
Koisture: 10,830 Ash: 21,060 T250 ({cals. deg F): HH HHY (Btu/ib): 7988

LIMESTONE: CANTHELL 1 Cal03: 90,400 RATURA. GAS: Btu/1b Stoich air (8 air/d NG}

Hydrogen {# ¥2/8 NG):

TEST PARAMETERS - COKBSTOR FIRING CONFIGURATION:

Quration (mins): 185 Section: ____ Time of Test: 22:48

FLON RATES:
ozl PC (#/hr) 1154,000 1§ (3/hr} §0.000 Total Air {#/hr)  *5647.521
{armer Aor PO (scfh}  12500.000 L$ Split (EN) 160/0 Stov kir (a/he)  9dBE4 ¢
forhustior Avr BC (kpph) 5,360 § Nozzles Xess Air SB (B/hr) 1003,130
Nix Bustle Asr FC (kppt) 6.0°0 tare'r A8 (sefh)  $540.270 Total Coal (B/hr)  2482.008
Coat MC (#/tr) 1328.000 C.A, Press (psrg)  Ede W) Din  0.3°5 Total Gas (4 hr) 11926198
Carrigr Air NG (sefh)  21730.00¢ korzles (threat): § 0 past SB Catn 1,112
Ce hir Sec Ernr (kpph) 0,118 Injector (tebe): 50,000 Coal Spl:e PC (%)  46.4%5

Ca/S Rato 1BAY Cx Utilizatien, ¥ 32.7C0

STOICRIOWE™® S AT for (oa)) §.485 SCFN to #/nr 9.076

§T07w, AZE: f3 atrid 1ot fre’) 5,98

FRI's:  HIpm i H Clng Caic (Btu/sec)  374.40% Cing Meas (Ptu/sec) 6€02.206 Flow 4/sec
Pl oeh 1,638 Total floe essemed equal over all B circusts:
K opni 1.0 FLUX (Btufft2-sec):
Gvemali ph ot Sec. Brrr 1.0%8 il 0.20 Rl 1,208 3 LAF 2000 #SRS

15 SRS 2686 EE SRS 2.1 WRLET  LUT HTAF

EMLESIINE:

A stack AS BRAS. LA 1] At Calz B 2 $/ Mty
iy €.330
D4 Y 17.400 21,350 23,128
KB (ppr: 145,000 177,414 194, 403 Lam
s wits (o) 144,000 178,687 143,062 .41
SO w/ic LS ippei, calz 333,068 404,562 40,374
AR TECERATURES (deg F: .
dir Prenaat Intet 137,600 Preheat Outlet 494,000 Aabient 11,000
FLUS GAS TEMPERATURES (deg F): WATURAL GAS INPUTS:
BG Air Prebest Infet 624.000 €5 Preheat Outiet 422,000 . Gas mdti/hr § of Tota) Load:
STEARS LKPPE): Boiler 15.020 Flash Tank RN Total Steas 17180
Press. (psigh: Boiler 103.000 Flash Tank  103.000
Tagps. (43 F): Boiler 338.000 Flash Tenk 338,500 Foed H20 (deg F) 212.000

COMBLITOR LOADS:  Coal - MMBtu/hr 19,826 Cooling (Coal + N Oas) - % 11,085  Cooling M0 Inlet {deg F) 2343.090
foa’ + N. Gas - MBtu/hr 18,878 .

RESULTS: Steae Gen Ef<'cy (8) 81.783 Fuel to Stean Flow Corr, b.o32
Boiler Efficiency (3) 80.583 % 502 Reducticn 36,160 Intrusion Ais {4/hr) 776,49

RENARKS:

Wl

4,088
£.900

K/
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HEALY TE3T3 TEST SUMRARY i Pgs: /) Fevision: {

Date: 6/13/81
S P X R R T Y Dete  08/21/9
PUREZSE: GEKERATE 5 TOKS OF BAGHQJSE CATCH FOR KIRD

LOAL; Source: HEALY PERF GLEND
U1tsmate Analysis Applied
Cempesition (8) - Carden: 41430 Hydrogen:  3.620 Oxygen: 15,980 Nitrogen: 0730 Sulfur: 0,340
Koisture: 10,430 Ash: 21,060 1250 (zalc. deg F): ms WY (Btu/1b): 1688

LIMESTORE: CANTHELL ¥ Cak03: 90,400 NATURAL GAS: 3tu/th
Kydrogen (¥ H2/# XG):

Stoich air (# air/b MG):

TeST PARAMITERS - CWBUSTOR FIRING CONFIGURATION:

Ouration (ains): 147 Section: Tine of Test:  3:d6
FLOW RETES:
o2l PC (0/hr) 154,000 LS [#/hr) 42.500 Total Air {#/hr) 13652.521
Carrier At BC ‘sefn)  12500.000 L8 Spi-t (I/W) 10040 Stoi dir (M/Rr) 14868361
Corbusticn Air PC (koph! £.080 ¥ Nozztes Xess A SB (h/hr) 786,150
K1y Bustle Sir PO (bpph)  5.800 Carr'r M/LS (sefh) 854,210 Total Coal (#/hr)  2484.000
oz NC “§/nr) 1315,030 C.h, Press (psig)  Ed N2Y Die 0,375 Toted Gas (#/wr) 97632.417
farreer £ir KD (s2fn) 21190000 Hozzles (throat): ¥ (2 post §8 Cabn C.874
Cebe Arr Sec Bene {kppt) 0,340 Injecter (tube): 53.009 or: Spliz PC (%) 45437
Ca/§ Ratio 1,483 Ca Utilization, 3 35.32¢
STCIIRINETRIC AR {for (od') 5,908 SCEH to #/he 0.076
SICTCA, IR (0 anr/s tet fuel) 5,988 _
PR['s;  FIT 7 1.013 Clng Calc (Btu/sec)  338.403 Cleg Meas (Btufsec) SCT.444 Flow B/sec 26350
L 1.41% Total flow assumed sfual over a1 § sircuits:
V0 phi 0,980 FLUK (Btu/fti-sec):
Cvemai! phi at Sec, Brar 1,004 $1 4] 0.508 24l 1,118 80 BAF .1 H R 3,482
$5 SRS 2,062 46 SRS 25N ORBCET a1 MW 0000
ENISSIONS:
At stack As pens, At 302 At Cale SB 02 /sty
02 (% f.250
(0 {pam: 2.0 1,458 30,548
¥ (por) 141.000 172,068 191,436 1.8
§02 w/LS  ipgr) 180,000 195,244 1.2 0.412
SO w/o LS (ppe,, c2lc 334,883 TR YY) 448,149
ALR TEWFERATURES (dey F):
hir Preheat Inlet 134.000 Preheat Outlet 413.000 Anbient T7.000
FLUE GAS TEMPERATURES (deg F): NATURAL GAS [NPUTS:
FG Air Preheat Inlst 640,000 FG Preheat Outlet 429.000 N, Ges WBtu/hr_ % of Tota) Load: /A
STEANS (KPPH): Boiter t15.010 Flash Tank 1.380 Tota! Sters 15,890
Prass. (psigh: Boiter 103,000 Flash Tenk  103.000
Terps. dg F): Boiler 338.000 Flash Tenk 338,000 Feed K20 (deg F) 212.000

COMZUSTOR LOADS:  Cea' - WMBLu'br 19,842 Cooting (Coal ¢ W Gas) - 4 §.518 Cooling K20 Inlet (deg F) 341.000
Coal + N. Gas - MBru/nr 15,042

RESLLTS: Stean Gen Eff'cy (X) 81612 Fuel to Steam Flow Corr,  0.942
Borler Efficiency {3) L7244 % 502 Reduction 51.327 Intrusion Air (B/hr) 5965.%5

REWARIE:

B840



HEALY TESTS TEST SUMMARY 185 H Revision: J

Date: §/10/91
TEST: §34-H4s Date 0i/a/n
PURFGSE: GENERATE § TONS OF BAGHOUSE CATCH FOR NIRD

COAL:  Source: HEALY PERF SLEND
Ultimase dnalysis Applied
forpesition {3) - Carbon: 41,450 Hydrogen:  3.820  Oaygen: 15,600 Nitrogen: 0730 Swifyr: 0,340
Noisture: 10,830 Ash:  21.080 T250 (calc. deg F): ms HHY (Btu/1b): 1488

LINES ONE: CANTNELL § Cal03: 90400 NATORAL GAS: Btu/1b
Hydrogen (3 H2/3 XG):

Stojch air (# air/o NG);

TEST PARASETERS - COMBUSTCR FIRING CONFIGURATION:

Duration (ming): 112 section: Tine of Test: 8.2
FLOK RETES:
toal P2 f/hr) 171,008 LS (#8/hr) {1,000 Total air (9/he)  15496,54
Laerigr dir PS (scfn) 12500000 1§ Sp1at (IN) 100/0 Stei Air (#/hr)  15075.830
torhustror kir BC (knph)  6.000 1 Noztles Kess Air 88 (8/hr)  340.630
Wix 3ustie A7 BC {kpph)  5.880 Carr'r /LS fscfh)  9540.270 Total Cozl (8/nr)  2518.000
Soz! K (#hr) 1346.000 C.A. Press (psig) Ede Nz) Bia  0.375 Total Gas (#/hr) 17426060
sarrser Air MO (sefn)  21710,000 Norzles {throat): ¥ 02 post SB Cebn 0.421
Cnbc Aor Sec Brar (kppht 0.2 Injector (tube): 50.000 Coal Spint PC (&) 46.4R7
Ca/S Ratio 1.0 Ca Dtilization, ¥ 33,289
STOICHIWITRIS £1P: (far loz?) ko SLFY to 4/hr 0.01%
STOIC-. AIR: (3 a'r, 0 ot fuei) 5,985 B
PRI's: B M 0,942 Cing dale (Btu/sec) 339,400 Clng Weas (Btu/sec) 524.63% Flow #/sec 28,800
P ot 160 Tota: flow assumeq equal over A1) B ¢irtuits:
N ok 0,959 FLUX (Btu/ftd-sec):
Overa:h pre at Sec. Brer 0,974 114l 0,435 1A 1,060 #3 BAF 2,566 4 SRS 3.268
5 SRS 2.229 5 SRS LU MPCET .21 BT R LTS
EMISEIONS:
M stask As mets. A At Cale 58 0¢ §/eaBty
£ty 6.00%
€0 (ppr) 0. 620 36,756 42.010
WOox [pon) 130. 860 157,004 179.538 0,238
S02 w/LS  (opr! 157,800 188,423 216.500 £.400
S w/o L5 (ppa), cale  J40.RT9 406,902 59048
AIR TENPERATUSES (deg F):
Lir Preheat Infet 138,700 Preheat Outlet 423.000 Aabient 77.000
FLUE GAS TENPERATURES (deg F): NATURAL GAS INPUTS:
FG Air Preheat Inlet 647,000 FG Prahest Qutiet 441.000 N, Gas WBtu/hr___ % of Total Load: N/A
STEANS (NPPH): Boiter 15,040 Flash Tk 1,070 Total Staan  17.810
Fress. (psigl: Boiler $93.000 Flash Tank 103,000
Teaps. (a9 F;: Boiler 335.000 Flesh Tank 336,000 Fead W20 (deg F) 212.000

COMBUSTOR LOADS:  Log! ~ WMBtu/hr 20,122  Cooling [Coal ¢ N Gas) - % 9.386  Cooling HIC Intet (deg F) 2341.000
foa) + K. Gas - WNBtu/hr 20122

BESLLTS: teze Ger Eff'cy £%) 81,313 Fuel to Stean Flow orr. 0,900
Boi‘er Efficiency (%) 88510 % 502 Reduction 52.919 Intrusion Air (3/hr) §136.98

REMARYS:

B41



HEALY 73875 TEST SUMMARY ¥ Pgs: 2 Revision: 0

Date: §/10/91
TEST: £15-Hdh Date 95/21/91
PURFUSE: GENERATE & TONS OF BAGHOUSE TATCH FOR KIRD

COAL:  Source: HEALY PERF BLEND
Ultnate Analysis Applied
Compositon (%) - Carbon:  47.450 Hydrogen:  3.620 Oxyger: 15,880 Nitrogen:  0.730 Suifur: 0,340
Roisture:  10.830  Ash:  21.060 7250 (cale. deg F): i3l RV (Btu/th): 198¢

LIMESTONE: CANTHELL ¥ CaC03:  90.400 NATURAL GAS: Btu/1b
Nydrogen (8 H2/8 NG):

Steich air (4 air/8 NG):

TEST PARAMZTERS - COMBUSTOR FIRING CONFIGURATION:

Duration (wins): 149 Section: Tiee of Test:  12:2
FLOW RATES:
Coa’ PC (/nr) 165,000 1 (a/hr} §1.000 Totad Air (#/hr)  15142.521
Carrier arr PC (sefn)  12500,000 1§ Split (1/w) 100/0 Stoi Air (#/hr)  15004.012
Coedustran Air P (kpoh) 5,780 § Nozzles Yess Air S8 (4/hr) 138,508
Wi Bustle Afv BC {kpph)  5.440 arr'r A/LS (scfh)  3540.270 Total Coal (#/%r) 2507.000
toal K2 (#/hr) 1342, 000 C.A, Press (psig) Eéc Nz} Diz 0,375 Total Gas (#/hr) 17944378
Carrier re MC (sefh)  11T10.600 No:ies (throat): % 0¢ post 5B Cabe 0.176
Cebr Air Sec Brer (kpph)  £.610 Injector (tube): 50,000 Cond Split PC (1)}  dL.470
(/S Ratie 114 ta Utilization, ¥ 29,418
STCICHIONETRIC AUF: {for Ceal) 5.98% SCFH to #/hr 0,076
SI01<, Mok (8 arr/d tot fuel) 5,985 -
Phl'ss PLL o 0,962 Clng fals (Mtu/ses) 324,000 Clng Meas (Btu/sec) 505,842 Flow #/sec  25.800
Pl ok 1.142 Totel Flow assumed squal over ¢1) B cirguits:
N ohi 0.920 FLUX (Btu/fi2-sec):
Zverz 1 phi 2% Sec. Brir g.9¢1 $ Al ¢.290 32 Al 1.236 B3 BAF 2,800 W GRS i
15 SRS IR 6 SRS 1982 #TPCET  2.081 M TP 0.2
ENISSION:,
A snack As Bess, At 3% 02 At Calc SB 02 LG
02 (%) .92
&0 {per 26,300 3.7180 .08
M (zpp) 118.000 140,549 162.943 LT
502 /LS (gpr) 145.000 156,950 2784 0.41]
Sew's L8 (pom), cale  J40.BEE 404,387 465,174
ALR TENPERATURES (deg F):
Air Prehent Inlet 135,000 Preheat Outlet 295,800 Axbient 77,000
FLUE GAS TENPERATURES (deg F): WATURAL GAS INPUTS:
FG Air Preheat Inlet 626.000 FG Preheat Outlet 414500 N, Gas mBtu/hr____ % of Total load: WA
STEAFS (XPPH). Boiler 15.831 Flash Tenk 1.803 Total Stean 17.440
Press. (psig): Joiler 103,000 Flash Tank  103.000
Tenps. {43 F): Boiler 337,500 Flash Tank 327,500 Feed ¥20 (deg F) 212.000

COMEJSTSR LOADS:  Coal - m@tafms 20,026  Cooling {Coml + N Gas) -3  §.09%  Cooling HZD Inlet (deg F) 342.500
okl ¢+ K. Gas - WBtu/hr  20.026

RESJLTS: tear Gen EFf'ey (3) 82.231 Fus! to Steas Flow Corr, 0.8
Boiler Efficiency (1) M1.552 % 502 Reduction 51.020 Introsion Air (#/hr) 4183.79

RERARXS:

B42



HEALY 2878 TEST SUNNARY § Pys: ] Revisica: (

fate: §/19/%1
TEST: B36-NET Bate  05/22/91
PUFPCSE: GENERATE & TONS OF BAGKOUSE SATCH FOR NIRO

{0AL:  Sogurce: HEALY PERF BLEND
U1timate Analysis Applied
Compositien {3) - Carbon:  47.450 Hydrogen: 3,620 Oxygen: 15,980 Mitroger: 0,730 Sulfur: 0,340
Koisture:  10.830  Ash: 21,060 T250 (caic. deg F): WS MY (Btu/Tb): 1482

LIMESTONE  CANTAELL § Cad03: 90400 NATURAL GAS: Btu/b
Kydrogen (# H2/3 NG):

Stoich air (9 air/¥ NG}

TEST PARAMETERS - COMIUSTOR FIRING CONFIGURATION:

Duratien (ming): 13] Section: Tine of Test: 1336
FLON RATES:
og! P2 (4/hr) 150,009 LS (#/hr) 52.000 Total Mr (#/hr) 15822521
sarrier Air PG (sefn)  12500.000 LS Split {I/K) 109/0 Stol Air (a/hr)  14800.50
Sernustion Air PC (kpph)  5.170 f Nozzles Xess Air 8B (#/hr) 721,992
Wix Bustle har BC (wpph) 8010 Carr'e A/LS (sefh)  9540.270 Teta) Coat (9/hr)  MD000
Coa® N7 (#4r) 1323000 LA Press (pstg)  Edo N2 Dia  0.375 Total Gas (#/hr)  17497.986
Carreer Atr W (sefh) 23710000 Kozzles (threat): % 02 pest S8 Cabn g4
Cobr 4-r Sec Brnr {kpeh)  £.000 Injector (tube): 59,050 Coa’ Split FC (%) 46,502
Ca/S Ratis 1,793 fa Dtilizatien, ¥ 29.963
STCICHITVETRIC AI®: ifor Dta') 5988 SCFh to #/hr £.016
STCICR, ALR: (4§ ar/8 et fuel) ERTH _
PRI's:  BU0 phi 1.0 Clng Cale (Btu/sec)  383.240 Clng Meas (Btufsec) S2T.444 Flow #/sec 20,830
pe ch 1.908 Tetal flow assumed eqeal over 211 8 circuits:
¥ phi 1.000 FLUX (Btu/ft2-seg):
Overzil pmoas Sec. Bene 1,000 1Al 0.5 824l 1917 BBIF .50 w SRS 07
B kival] B 3RS 1.9 RPE 238 KW k. 136
ENISSIONS:
it shack AS petg, T B At Cale §8 02 1NNty
02 % £.320
(& (pom) 13.000 15,540 11.78§
K2x (pom! 123,000 150,817 160,402 0.2
SCE/is (pem) 182,000 186,516 208. 106 0.39¢
306 wfe LY (ppe), cale 333,284 0450 9.5
AIP TENPERATURES (deg F):
hir Preneat Inlet 131.000 Preheat Qutlet 378,000 Azbiert 17.000
FLUE GAS TEMPERATURES (deg F): KATURAL GAS IWPUTS:
FG hir Prehest Inlet 624.500 FG Praheat Qutlet 407.500 N, Ges WHBtu/hr % of Tota) Load: /A
STEARS (KPPH): Boiler 14.840 Flash Tank 1,830 Teta) Stean 16720
Press. (psig): foiler 103.000 Flash Tank  103.000
Temps. (4§ Fh: Boiler 318.000 Flash Tank  338.000 Fend %20 (deg F} 212.000

COMBLSTOR LOASS:  Coal - WWBtu/hr  i0.15¢  tooding (Coad ¢ W&as) -8 9.812  Cooling WO Inlet (deg F) 341,700
fezt 4 M Gas - PABtuShr 197N

RESLTS: Stear Gen Eff'cy {§: 82.2H4 Fee! to Steas Flow forr,  0.86)
fotler Efficiency (%) 81.422 % 50 Reduction 53712 Intrusion Air {#/hr) §:07.82

RENAFYS:
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HEALY TESTS TEST SUMMARY 1 Pgs: 2 Revision; 0
Date: 4/10/9

TEST:  B30-hag Dste  25/20/0

PYRPOSE: GEWERATE § TOKS OF BAGHIUSE CATCH FOR NIRQ

C0AL:  Source: HEALY PERF BLEND
{1timate Ana'ysts Appliad
Corpasrtion (%) - Carbon: 47,450 Mydrogen: 3,620 Oxygen: 15,880 Witrogen:  0.730 Sulfur:  0.340
Noisture:  10.830  Ash: 29,060 1250 (cale. deg F): ms HHV (Btu/th): 1988

LINESTONE: CANTRELL X Calbd:  90.400 NATURAL GAS: Btu/lb
Hydrogen (# H2/¥ NG):

Stoich air b air/t MG):

TEST PARAMETERS - COMBUSTOR FIRING CONFIGURATION:

Buration (#ins): 169 Section: Tine of Test:  5:83
FLOK RATES:
foal FC (#/hr) 1147. 900 LS (¥/hr) §1.000 Total Adr (8/hr)  15782.521
errier Air PC Zsafk)  12500.000 L§ Split (I/M) 10/0 Stoi Air (B/hr) 14776588
forbustion ATr P (kpph)  6.340 # Nozz'les Xess Air S8 (#/he) 1008933
Nix Bustie Mir PO (kpph) 6,00 tarr'r ASLS (scfh) 3840200 Tota] Coal (#/h7)  2489.000
(o2l M (3/%r) 1322.000 C.A, Press (psig) Ede Wzl Diz  0.37% Total Gas (#/hr)  11754.381
Carrier Air M (scfh)  21740.000 Nozzles (throat!: 1 02 post SB Cabn 1.238
Cean Avr Sec Brar (kppht  0.000 Injector {tube): 50,000 Coal Split PC (8] 46454
£4/5 Ratio 1,781 Ca Utilization, & 20.204
STOITHIORETRIC ACR: (far Zoal) 5,985 SCFH to $/hr 0.0%¢
STOLEW. ATR: (8 a1r/s tot fuel) 5985 B
PHE's:  PCC phi 1,063 Clng Cale (Rtu/sec) 421,200 Clng Meas (Mlu/sec) 631,250 Flow #/sec 28.800
PC phi 1,981 Total flow assueed equal over all & circuits:
b 1,019 FLUX (Btu/t2-sec):
Qverz)® phi at Sec, Brar 1,019 t Al 0.501 Al 1107 83 BWF 3.068 SRS 3.922
¥ SRS 3.330 B0 SRS N RCET LT M TRP 3,00
EMISEIONS:
b ossack As peas, At 3% 02 At Cale 5B 92 /M8ty
0w 6,220
¢ ippe} 2400 27,200 28,941
Kx (pom: 134800 164,160 180,20 0,249
S /is (per) 180.700 195.119 HLm 0.4}
80 w/s t& (ppn), cale 335,018 404,549 W,
IR TEMPERATURES (deg F):
Ar Preheat Inet 130,200 Preheat Outlet 392.800 Anbient 17.000
FLUE GAS TEMPERATURES (deg F): NATURAL GAS INPUTS:
FG Air Preheat Inlet $18.000 FG Preheat Outlet 413.000 LoGas mtu/hr____ % of Tota) Load: N/k
STEARS {KkPPH): Boiler 14840 Flash Tank .40 Total St 17.080
Press. (psig): Boiler 103.000 Flash Tank  103.000
Temps. (dg ): Borler 331.000 Flash Tank 337,000 Feed 420 (deg F) 212,00C

CONBUSTOR LOADS:  Coal - mMEtm/nr 19,722 Cooling (foad + W Gas) - % 11,522 Cooling W20 Inlet (deg F) 342,000
{ozl + N, Bzs - MWBte/hr 19102

REZULTS: Steay Ger Eff'sy (3) 02,102 Fue! to Steas Flow Corr. 0,936
Boiter Efficiency (%) 80.884 % 502 Reduction 51,428 Intrysion Air (s/hr) 5861.82

RERARNS:

B44



HEALY TESTS TEST SUNMARY 3 Pgs: 2 Revision: 9

Date: 6/10/91
TEsT: 53§-hi0 Date 0/
PURPOSE: GINERATE 5 TUNS OF EAGKOUSE CATCH FOR NIRC

C0AL: Source: HEALY PERF BLENC
Bitipate Anatysis Aoplied
Corpssition (8) - Carben: 47,450 Wydrogen:  3.620 Oxygen:  15.480 Nitrogen:  0.730 Suifur: - 0.340
Noisture:  10.830  Ash: 21,060 1250 (calec. deg F): il WY (Btu/ib): 7488

LIKESTGNE: CARTNELL ¥ CaCd3: 90,400 RATURAL GAS: Btu/lb
Hydrogen (¢ H2/¥ XG):

Stoich air (§ air/¢ WG):

TEST PARAVETERS - COMBUSTOR FIRING CONFIGURATION:

Duration (wins): 19¢ Section: Tine of Test:  16:45
FLOW RATES:
Coal PC {4/h1) 1158.000 LS {#/hr) 50.000 Totel Asr (8/he}  16168,521
Carrier AfT PC {sefn)  12502.000 LS split (I/n) 100/0 Stoi Air (#/hr) 14820224
tagbcstion Air PC (kpoh) 6280 1 laztles fess Kir S8 (B/hr) 1248.20¢
Wix Busle Air PC (kpph) 5,720 farr'r A/LS (sefh)  9540.210 Total Coal (#/hr)  2483,000
Coal WL (4/hr) 1334, 060 C.A, Press (psip)  Ede Nzt Oin  0.37% Tota) Ges (R/hr) 18158,87¢
Carrier 417 WS {scfh)  21710,000 Nozzies [threat): % 02 post 86 Catn 1.502
Ceb- #ir Sec Brar (xpph) 0,846 Irjector (tube): 5¢.000 Coal Split PC (X)) 46,400
Ca/s Ratio 1.110 G2 Otilization, ¢ 33,567
§TOICHIONETR:: L1%: (for fez’; 5,988 SCEN to #/kr 0.0%¢
SIOICE, AIR: OF 2ir/8 S0 fuel) £.983 -
PRI's:  BCL pti 1,040 Cing Calc (Btu/ses)  403.680 Clng Yeas (Btu/sec) 541.753 Flow #/sec 28,800
PLophs 1,868 Tota) flow assumes equzl over 2] & gircuits:
i ph .98 FLUX (Btu/fi2-seci:
Overzll pri at Sec. drar 1,038 Al 0.566 $2Al 1,165 13 IAF .16 44 SRS 3.608
#5 588 3.413 §5 SRS 2680 T PLET 260 KTAP 0.49§
ENZ3SIONS:
At stack As sens, At 3502 At Cale $B 02 ) /MBty
02 %) 6,120
L0 (ppr) 16.150 18,536 21,63
N {ppn; 126,900 152,419 165,107 0.231
802 w/LS  (ppm} 142,000 M. 186,012 0,362
S0r wfc LS (pow), cale 331579 404,568 436,133
ALR TEMSERATURES {deg F):
kit Predeat Inlat 138.000 Praheat Outlet 395.000 Asbient  71.000
FLUE GAS TEMFERATURES (deg F): KATURAL GAS TWPUTS:
FG Air Preheat Inlet 636.000  FG Praheat Outlet 415,000 N Gas MiBte/he___ % of Total Load: N/A
STEANS (KPPh): Boiler 15,389 Flash Tank  1.831 Total Stemn 11,200
Press. (psig): Bofler 103.000 Fiash Tenk 103,000
Temps. {dg F): Boiler 335.000 Flash Tenk  336.000 Feed #20 (deg F} 212.000

COMBUSTOR LDAS:  Coal - mmBtufhr  19.9%4  Cooling (Coal + W Gas) - % §.784  Looling W20 Inlet (dag F) 340.109
for’ + N, Gas - WBtu/mr 199U

RESLLTS: Stean Gen Eff'cy (V) 02108 fuel to Stean Flow Corr, 0.8
Beiler Efficiency (3) 80,255 ¥ S02 Reduction §7.304 Intrusfon Air {#/hr} 5333.84

REMAZKS:
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HEALY TESTS TEST SUMKARY ¥ Pgs: H fRevision: {

Date: §/10/91
TEST:  BaD-ws: Date  08/23/%)
PURFOSE:  GENERATE § TONS OF BAGHOUSE CATCH FCR KIRQ

COAL: Source: HEALY PERF BLEND
[1tinzte Analysis Appiiad
Compositron (%) - Carbon:  47.450 Hydroger:  3.620 Oxygen:  15.980 Nitrogem:  0.730 Sulfur:  0.340
Keisture: 10,830 Ash: 21,060 T250 {calc. dog F): ms RHY (Btu/Tb): 1988

LINESTONE: CANTHELL 1 Cal03.  90.440 NATURAL GAS: Btu/lb
Hydrogen (# HI/# NG):

Stoich air (& eir/t XG):

TEST PARNETERS - COMBUSTOR FIRING CONFIGURATION:

Quration (mins): 7] §ection: Tise of Tost:  1:84
FLON RATES:
Lozl PO {3/hr) 1168.000 1§ (4/hr) 52.550 Total Air (B/hr) 1548760
Cerrier Ayr PO (sefh) 12500000 LS Split (I/n) 100/0 Stad Rir (9/nr)  15081.80
Cerbustion Air B0 (kpph)  §.108 ¥ Nozzies Kess Afr SB (3/hr) 445,530
¥oo Bystle Air PC (wppt)  6.080 Carr'r A/LS {scfh,  $540.270 Total Coal (Bhr) 2515.002
Coad M {3/n7) 1346006 C.A. Press (psig) Ede Nl Dia 0.3 Tota? Gas (#/hr) 17606365
Carrier Aar MO {sefn) 2110000 Norzles (thraet): 1 G2 post SE Cabe 0,556
Cobr A:r Sec Brar fkgen) 0,000 Injector (tube): §0.000 Coal Split PC (3)  46.481
C2/8 Ratio 1.78¢ ta tilization, 8 31710
STCInIZWETRIC AR for Tosl) 5,983 SOFH to 0/hr 0078
STCIZ«. IR {# arr 'k tot fuel) N TH -
PRi's:  BL phi 1,009 Clag Cale (Btu/sec)  305.200 C'ng Meas (Biu/sec) 49C.072 Flow #/sec 29,880
o 1.4 Torad flew assumes wqual over 411 8 cireusts:
¥ ph: 0,991 FLUX (Btu/ftz-sec):
QOveral™ phi at Ses. Brar 0.48 1Al 3,438 0l 1.289 43 BiF .86 MRS 4.088
B SRS 1858 Y 319 NPLET .41 H9TAP 0.900
EWISTIONS:
£ staes ks mugs, At 3502 At Calc 58 02 /Bty
N % b.420
) 5,170 T.817 8.452
N0 (ope) 121,000 2348 rLXRLN .34
S /Lt (ppr) 142,400 115,308 199,118 8.31
Sn ot LS ippe), calc 33120 404,543 457.008
AIR TENPERATURES {deg F):
hir Preneat Entet 139,000 Preheat Outlet 343,000 Anbient 11.000
FLUE GAS TEWPZRATIRES (deg F): RATURAL GAS INPUTS:
FG Air Prehest Inlet 582.000 G Preheat Outlet 357.000 N Gas mBte/br____ % of Total Load: WA
STEANS (KPPH): Boiler 14180 Flash Tank 1,750 Tota) Stean  16.530
Press. (psigl: Boiler 103.000 Flash Tenk 103,000
Teps. (43 F): Boiler 335.000 Flash Tank 335,000 Fead H20 (deg F} 212.000

COMBUSTOR LOADS:  Coal - wMBtu/hr 20,090  Cooling (Cozl ¢+ WGas)-%  A.798  Cooling H20 Inlet (deg F} 339.000
Coxl + N, Gas - WMBtu/hr  20.090

RESULTS: Stear Gen Eff'cy (1) 43,171 Fuel to Steem Flow Corr, 1,008
Boiler Efficiancy () 03.328 8 $02 Reduction 56,432 Intrusion Air (#/hr) £655,75

RENARKS.
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HEALY TECTS TEST SUMMARY ¥ Pgs: 2 fRevision: 0
Date: &/10/31
TES™: §e1-H52 Date 05/
PURFCSE: GEMCRETE § TONS OF BAGHOUSE CATCH FOR NIRO
COAL: Source: HEALY FERF BLEND
U1tipate Anglysis Applied
Compasitieh (%) - Carben: 47,450 Mydrogen:  3.820  Oxygen: 15,980 Nitrogen:  0.730 Sulfur: 0,340
Noisture: 10,030 Ash:  23.060 T250 (calc. deg F): M5 HKY (Btu/ib): 1988
LIMESTONE: CANTWELL 3 a0 80.400 NATURAL GAS: Btu/1b Stoich air (8 xir/s MG):
Hydrogen (& H2/0 KG):
TEST PAPAWETERS - COMBUSTOR CIRING CONFIGURATION:
Duration (mins): 18 Section Tise of Test:  10:02
FLOW RATES:
teal o ‘#/hr) 111,000 LS (#/hr) 47,000 Total Air (B/he)  15472.501
farreer d1r PO (sefh)  12500.060 LS Splt {1/K) 100/0 Stof Air (4/hr)  18087.800
forkustion hir PO (kpph) 6,110 t heztles Xess Air 88 (H/he) 3812
Nix Bustle Arr PO (kpph)  6.020 tarr'r ALS (sefh) 940,210 Total Coal (8/hr) 2521000
L2l N (¥/br) 1350.000 C.h Press (psig) Edc kz) Dia  0.378 Totel Gas (#/hr)  17483.639
Carrier har WO fsefh)  21740.000 Sozzles (throst): % 02 post SB Cabr 0,481
teen dae Sec Brar Thpph) 0,000 Injector (tubs}: 50.00¢ Sokt Split PC (%) 46,454
C4/S Ratio 150 cs Utilization, ¢ 30,139
§TOICHIONETSIY ATR: (for Lozl £.905 SCFH to 8/hr 0.07¢
$T07Ck, AIR: (4 aves# tor fuel) 5.98% -
PRI's:  POC phi 1.093 Cing Calc {Btufsec) 439,200 (lng Meas (Biu/sec) 839.667 Flow #/sec 28.800
ook 1.887 Total flow assuesd aqual over ¢11 8 cireyits:
oo 941 FLUX (Byu/ft2-ses):
dvarall pht gt Ses. Brar 0.817 Al 0.43% Al 177 13 BAF 3066 44 8RS 4,575
§5 588 .11t 5 SRS 2646 ITRLET  LME S TAP (.45
ENZESIONS:
A siach is »e2s, At 3% 02 At {alc 5B 02 §/Wety
8 iy 5,430
(¢ (por) f1.000 11,438 1.4
NCx (ppe! 115,000 135,849 154,883 0.20¢
802 w/tS  (opm) 179.000 .60 238,810 0.443
§6x wc LS (ppr), calc 340,131 404,602 458,864
AIR TERPERATURES (deg F):
Air Preheat Inlat 142.000 Preheat Ouilet 412.000 Aubisnt  77.000

FLUE GAS TENPERATURES {deg F):
FG Air Praheat Intet 636.600

NATURAL GAS INPUTS:

FG Preheat Outlet 433.000 K. Gas WBtu/hr t of Total Load: W/A

STEANS (KPP4): Boiler 15,118 Flash Tank 2,280 Total Stese 17.450
Press, {psig): Boiler 103.000 Flash Tank 103,000
Terss. (dg F): Boiler 331.000 Flash Tank  337.900 Fead N20 (deg F} 212,000
L3808 L0ART:  Coal - MMBtu/hr 20,138 Cocting (foxl ¢ M Gas) - % 19,435 Cooling H20 Inlet (deg F) 242,009
(o2l + K, Gas - wuStu/hr 20,138
RES.LTS: Steze Gen EF<ey (3) 01,082 Fuel to Stess Flow forr.  0.§3
Boiter Efficrency (1) 0.600 % SO2 Reductien 41.902 Intrusion Air (d/hr) 5552.64
RENRPES:
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HEALY TESTS TEST SUMMARY §P3s: 2 Revision: O

Date: 6/10/91
TEST:  E42-MH) Bate  05/23/4
PURPCSE:  GENERATE 5 TONS OF BAGHIUSE CATCH FOR NIRO

OAL:  Source: HEALY PERF BLEWD
Pltnate analysis applied
foppos:tion {X) - Carbon:  47.450 Hydrogem:  3.620 Oxyger: 15,980 Kitrogen:  0.730 Sulfur: 0,340

Reisture: 10,830 Ash: 21,060 TS0 (cale. deg F): s WY (Btu/1b): 198

LNESTONE: CANTELL % Cal0i: 90,400 NATURAL GAS: Mu/Th Stoich afr (3 air/® NG):

Nydrogen {8 H2/8 NG):

p———— ——

TEST PARAMETERS - COMBUSTOR FIRING CONFIGURATION:

furation (eins): 13 Section; _____ Tise of Test:  19:18
FLOW RATES:
Lozl PC {8/0r) 1180900 18 (3/hr) 51,500 Tota® Air [w/hr)  17088.521
tarrier Air PO (sefh)  12500.000 18 Split (I/N) 130/0 Stoi Air {#/he) BT
omtustian kir P (kpph}  6.380 ¥ Nozzles Yess Air SB (h/hr) 2143.34
Kix Bustle Afr PC (kpph) 6,188 tarr'r A/LS (sefh)  4540.270 Tata) Coel (#/hr)  2496.50¢
oot MO (#/kr) 1336, 500 C.h, Press (psig) Edec Kzl Din  0.37% Total Ges (#/nr)  19093.3%3
Carrie- Air WO {scfh) 21715000 Norzles (throat): ¥ 02 post SE Cabn 458
Intn Air Sec Brnt (kpph) 1,202 Injector (tubel: 50.000 Coa' Split PC {¥) 46,465
/S Ratio 1,752 ga Utilization, § 30,018
STICNIIWETRIC IR (for Lo2)) 5,985 SEFH to #/hr 2.07%
STCIC, A3 {9 air/d ot fuel) 5,985 _
PRI's: 0ot phy 1,087 Clng Calc {(Btu/sec)  482.400 C'ng Neas (Btu/sec) 664.817 Flov $/sec  28.800
o ph: 1445 Tota! flov assumed aqual over 231 & cfreuits:
W oph 1.015 FLUX {Btu/fti-sec):
Cvera"’ phi ab Sec, frer 1,095 # Al 1.018 52 AL 1,095 13 GAF L0 4 SRS 490
85 SRS 1.90¢ §6 SRS 083 STRCET 2.8 S0 Tap ¢.0c0
THIESIINS:
kT stack A5 pes, At 33 02 At {alc S8 02 t/¥eBtu
0 (3 6,118
¢ ipe) 13,692 16,587 17,088
N (ppnd 115.000 138,086 143,248 p.ag
§02 w/tS  (ppm) 157,400 180,334 196,053 g.401
§2x w/e LS (ppe), cale  337.672 {04,548 416,159
RIR TZBFERATURES {deg F):
Air Preheat Inlet 140,200 Preheet Outlet 393.000 Asbient 77.000
FLUE GAS TEMPERATURES (deg F): NATURAL GAS INPUTS:
FG Air Preheat Inlet 635,400 FG Preheat Outlet 413,300 N Gas WBte/br___ % of Total toad; W/A
STEARS (KPPH): Boiler 16.000 Fiash Tenk L Tota] Stean 12,370
bress. (psig): boiler 153,000 Flash Tank  103.000
Terps. (dq f: Boiler 336,000 Flash Tank  336.000 Feed H20 (deg F) 212.000

COMBUSTOR LOADS:  Coa’ - WBtu/hr 19,942 Cooling (Coal + N Gas) - % 12,003  Cooling K20 Inlet (deg F) 340.000
Toal « &, Gas - WeBte/hr 18,942

RESLLTS: Steam Con Eff'cy (3) 81,082 Fuel to Stess Flov Corr,  0.878
Boiler Efficiency (%) 80.639 T 502 Reduction 52,008 Intrusion Air (#/hr) 4435.62

REMAPKS: COMBWSTOR CLEANED PRIOR TO TRIS TEST.
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REALY TESTS TEST SUNNARY b Pys: 2 Revisior: 0
fate: $/10/%
TEST: bai-Hid Date e FRTTEY
PURPCIE:  GENGRATE 5 TONS OF BAGHQUSE CATCH FOF NIRY
COAL: Source: KEALY PERF BLEND
Bitimete Analysis Appited
Compositeon %) - Carbon: 41,480 Hydrogen:  3.820  Qaygen: 15,980 Nitrogen: 0,730 Sulfur: 0. 340
Noisture: 30,830 Ash: 21,080 1230 (cale. deg F): M WY (Btu/10): 1988
LINSSTONE: CANTHELL T CaCO%: %0400 KATURAL 645 Btu/lb Stoich tir {4 sir/t Wg):
Hydrogen (B H2/8 NG):
TEST PARANETERS - COMEUSTOR FIRING CONFIGURATION:
Buratior (ming): 12 Section: Tine of Test: 0.1
FLON RATES:
Loal PC (B/Er) 1143.000 LS {K/hr) §1.000 Total Air (#/hr) 1522281
Tarrier Avr P seft)  12860.000 L8 sphit {I/%) win Stot Air (/hr)  WILIR
Sombustion Air PC (kpoh) 150 1 Kozrles ress Air 8B (B/hr)  S0L.78¢
Wix Byst'e Air 2C (kgph)  5.880 Carr'r A/LE (scfh}  $R40.270 Total Coal (4/hr)  2450.870
(o2 0 (#/hr) 1316,500 O, Press (nsig)  Ede NZ1 Dfa  0.373 Tetal Gas (#/kr)  17186.882
Cerrrer hir MO (sefn,  21710.000 Norzies (throzt): $ 02 post SB Cabe 0.530
Cabn Air Sez Brar (kpph)  0.089 Injector (tube): 50.000 oa! SpHit PC (4} 46,41
Ca/s Ratio 1,768 Ca Utilization, & 28.888
STPLIIREIRIC MR CHor Coel} L SCFH to b/nr 0076
STCLOR, A8 0 aorf¥ too fuel] 5,983
Plss B 1.038 {irg Cale (Btu/sec) 414,000 Clng Weas {Btufsec) S65.500 Flov #/sec 78,800
P 1,865 Tatal flow assumed equa! over 837 8 circuits:
npri B.47¢ FLUX (Btu/ft2-sec): ‘
Overzi’ chy at Ses. Brrr 0,38 SN ) 0.581 2 Al 1,000 43 BAF L. BOSRS 9
15 SRS 5 B SRS 2537 BPLET 881 KA 0.000
EVIIIONS:
AL stach As ress, 13K 9 A Cale 8 07 §/Mmety
Ny E R
e ) 10,387 13,165 15,60
W (per 126,00¢ 163, 40¢ 184,836 g2
82 w/i5 (ppm) 155,408 196,847 222,667 0.41%
§C w0 8 (pem), cale 323180 404,546 455,231
MR TENPERATURES (deg F):
Air Preheat Inlet 135.000 Proheat Outlet 391.500 sbient  77.000
FLUE GAS TENPERATURES (deg F): KATURAL GAS THPUS:
FG Air Prehest Infes §35.000 FG Preheat Dutiet 413,000 N, Gas WuBtu/hr____ % oof Tota® Load: /A
STEAMS (KPF#}: Bo‘ler 13,904 Flash Tark 2,014 Total Steas 15,920
Press. (psrgh: Boiler 103.000 Flash Tank 103,000
Temps, {dg F): Boiler 331.000 Flash Tamk  337.000 Fand H20 (deg F) 212.000
LONBUSTTR LOAES:  Toal - weBtushe 19645 Cooling {Coal # W Gas) - % 10.364 tocling H20 Inlet (deg F) 340000
Ceal 4 &, Gas - MuBty/hr 19,646
RiELTS: Soear den Eff'ey (3) 41519 Fus! to Stetr Flow Corr,  0.986
Bailer Efficiensy (%7 #0.542 % §02 Redustion §1.08: Intrusion Air (#/hr) 17022.58
RE#ARYS -
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WEALY T2375 TEST SUNNARY § Pos: 2
TEST: S4-HE§ Jate  05/23/91

PURPSIS:  GEWERATE § TONS OF BAGHOUSE CATCK FOR NIRD

C0AL: Scurce: HEALY PERF BLEND

U'tipate hnalysis Applied
forpesiticn (%) - Carben:

Noisture: 10,830

LIMESTCRE: CARTHELL 3 (al03:

41,450 Hydrogen:

TEST PARANETERS - CTMBUSTOR FIRING CONFIGURATION:

Duratien (mins): i8¢
FLOW PATES:
Coal PL “#/rr) 1147600
Caresur Air BC {scfh)  12500.000
Combustion Afr PO (kpeh) b.203
Wix Bustle hsr PO (ipph) 5,478
Coal MO (4 hr) 1323,00¢
aarcies Air WO (sefn) o 170,000
Cror Air Sec rar (kpph) 1,048
STOCC=TMMETRIC LI8: (for (za)) §.¢8%
IO SER I ALeY BT BTN 5.98%
Bh's: PR phi 1,084
Po ahi 1.82¢
Nopni 1,407
hera' gk gt Sec. Benr 1,078
EMIITIONG:
At stach AS eets,
02 s 5.270
0 toprl 54,800
G (zon) 123,160
892 w/i§  (ppm; 158,800
S0x w/z LS (ppw}, cale 334384

AL TEMPERATURES (deg F):
Air Preheat [nlet 138,800

FLUE GAS TEMPERATURES (deg F):
PG dir Proheat Inlet 642.000

3,620 QDxygem: 15,980 Ritrogen: 0730 Sutfur: 0,340
Ash: 21,080 T250 (eale. deg F): s kY (Btu/tb): 1988
90.400 MATURAL GAS: Btu/Yb ___ Stoich air (# ait/g KG):
Hydrogen (9 H2/E NG):

Section: ___ Timeof Test: 43
1§ (4/hr) 48,500 Totel Air {#/hr)  15451.521
LS Split (I/N) 10070 Stoi Air (s/hr)  WTEL.618
§ Nozzles Yess Air S8 (#/hr) 1826,9(2
Care’r A/LS (scfh)  8540.200 Total Coal (#/hr)  2467.900
C.A. Press (psig) Eec Nz1 Dia  0.315 Tota’ Gas (s/hr) 18620862
Norites ithroat): % 02 post SB Cabn 3.3
Injector (tube): 50.00¢ Coal Sphit P (3)  dE.4%.
Ca/5 Retie 1.69C Cx Utilizatien, ¥ 30700

SeFH to §/nr 0.076

Clng ta'c (Biu/sec)

Revision: 0
Date: 6/10/91

433,440 L1ng Meas (Btu/sec) 575.139 Flow #/sec  28.900

Total fiow assomec equal over a1l 8 circuits:

FLUX (Bt /ft2-sec):

§ Al 0.552 1Al 1,016 B3 BAF 3,451 HOSRS $119
15 58S LM #6 SRS LB OBBCET TR BT -0k
At 33 02 At Calc S8 02 3/Bty
86.963 9.091
150.872 157,256 0.228
194,053 202,332 0,408
404,571 421,456
Proheat Outlet 401.000 Anbient 17.000

G Prehedt Outlet 417,200

ATURAL GAS INRUTS:

K. Gas WNBtu/hr 1 of Total Load: W/A

STRARS [KPPH): Boiler 15,800 Flash Tamk 2,030 Tota! Steas 17850
Press, (psigh: Roiter 103.000 Flash Tank  103.000
Temps. (€3 F): Boiler 337.000 Flash Tank 337,000 Feed H20 (deg F} 212,000
CONBISTIR LOADS:  Coal - MNBSu/hr 19708 Cosling (Coal + N Gas) - % 10507 Cooling H2O0 Imlet (deg F) 340.200
Cot” + N, Gas - MEBtu/nr 19,706
BESL.TE: Stean Ger Eff'cy (3) 89,904 Fuel to Stesn Flow Corr.  0.883
Boier Efficrency (3)  80.928 ¥ 802 Reduction  §1.948 Intrusion ar (8/hr) 4850.20
RENARLE;

850



HEALY TESTS TEST SUMMARY 1 Pgs: ¢
TEST:  Bdl-hid Dete 08/ U/%
PURPISE:  GENEFATE 5 TOKS OF BAGHOUSE CATCH FOR KIRO

Source; HEALY PERF BLEAD
tinate Anzlys:s Applied

(0L

Coeposition {3) - Carbon: 47,450 Mydrogen:  3.520 Oxygen: 15980 Nitrogen:  0.730 Sulfur: Q.30
oisture:  10.830  Ash: 21063 T80 (calc. deg F): ms WY (Bu/1b): 1488
LINESTORS: CANTHELL § CaC0d:  §0.4%0 NATURAL GA3: Btu/1b Stofch air (¥ air/4 MG,
Nydrogen (B H2/8 #3):
TEST PARINETERS - COMBUSTOR FIRIMG CONFIGURATION:
Duration (mirs): 11 Section: Fine of Test: §:28
FLOW RAT:S:
Soal P (8:hr) 147,000 LS (#/he) #.000 Total Air (B/hr) 18432529
Carrier Air PO {sofh) 12800000 LS Split {IM) 100/0 Stoi Air (/) 15030.944
Combstion Air P {kpphj 5,280 i Kozzles fess Afr 3B (#/hr) 1401L.517
Nix Bustie A5 L {kpan) 5040 garr'r ALY {sefr) 3340279 Tota) Coal (B/h")  2511.50%
foal WC [4/pr) 134,59 C.A. Press (psig) Ede Nzl Dia 0,375 Total Gas (9/hr) 10436547
Carreer gir HC (scfh)  21110.000 Noz7les {throat): % 07 post SP Cade 1.661
Cetr ker Sec Brer (Rpph)  0.730 Injector (tube): £0,000 Coal Split PC (3)  d5.488
£afS Ratie 1.8 o ytilination, ¥ 33.88%
STOILATTNETRI AIF: (fer (52 5,485 SCFH to #/hr 0.076
Tolins IR (0 av/w ot fuel) 5988 _
Bel's: PO pni 1,03 lng Cats (tu/sec)  450.000 Clng Meas (Btu/sec) E14.417 Flov #/sec  28.820
Bt s 1.460¢ Total flow assumed egual aver al) @ circuits:
Koot .93 FLUX (Btu/ft2-sec):
(verai’ phy at Sec. Brrr 1,048 bl .70 ) 1,003 1 BF 4,410 388 4088
15 SRS 3,965 $5 SRS LA MTPCET 2464 BKTAP 0.000
EHISETINS:
it §tacr kS W35, At 3302 At Cale 8B 02 /Wbty
0z %, 5,880
0 (e 25,700 33131 2.1
Koo 113,000 132,500 142,368 ¢.20
02w (ppe) 154.008 180,506 194,004 0.3%1
8Cx wic 15 (ppm), calc  MI.EN 404,590 411,346
AR TENPZRATLRES [deg f}:
Air Preheat Infet 133.000 Prenaet Outlet 397.000 Ambient 77.000
FLUE GAS TEWPEPATURES (deg F): RATURKL GAS INPUTS:
PG AT Preheat Ialet 633.000 FG Preheat Dutlet 415,000 L Gy mBtu/hr____ % of Total Load: N/k
STEANS [€PPH): Boiler  11.250 Flash Tank  2.130 Total Stemn 19,440
Press. (psig): Boiler 103.000 Flash Tank 102,900
Teeps. (09 F): Boiler 334,800 Flash Tank 334800 Feed K20 (deg F) 212.000
COMBUSTIR LOACS:  Coal - w¥Bty/tr 20,062 Coolimg {Con) + ¥ Gas) - §  11.025  Cooling K20 Inlet (deg F) 334.000
fead - K, Gas - MMBtu/hr 20,062
RELLTS: Stear Ger £Ff'cy (3)  82.290 Fuel te Stess Flov Corr, 0,838
Boiler Efficiency (30 81,307 & 502 Reduction 35.22! Intrusion Air (a/hr) 454194
REMARES:

Revision: 0
Date: 6/10/01

BS1



NEALY TESTS TEST SUNNARY ¥ Pys: 2 Revisior: 0
Date: 6/10/91

TesT: CAE-H58 Date 15/29/%8

PURPISE: GEKERATE 5 TONS OF BAGHOUSE CATCH FOR NIRD

CoAL: Source: HEALY PERF BLEXD
Ultmate Anglysis dpplied
Composition (%) - Carbon:  d7.450 Hycrogen: 3,620 Oxygen:  15.980 Witrogen: 0,730 Sulfur:  0.340
Noisture:  10.830 Ash: 21,060 7250 (cale. dug F): s AV (Btu/1b): 1988

LIKESTONE:CANTNELL ¥ £a003:  99.400 NATURAL GAS: Btu/1b
Hydrogen (# H2/8 NG):

Stoich air (3 air/k NG):

TEST PARAMETERS - CONBUSTOR FIRTKG COMFIGURATION:

Duration (mins): 108 Settion: Tine of Test:  90:18
FLOW RATES:
teal PC (#/nr) 1154.000 15 (4/hr) 50,000 Total Air ($/h7) 1547254
Carrier Bir BC {scfh)  12500.600 LS Split (I/N) 100/ Stoi Air (#/hr)  14860.376
Corbustion Air FC (kpph} 6,208 $ Noziles Kess Air S8 (M/hr)  §12.145
Wix Bgstle Air R0 (kpph)  5.930 Care'r AFLS (scfh)  9540.270 Tota® Coa) (¥/hr)  2483.000
Coz! A2 (4/hr) 1320.000 C.A, Press (psig) Edc Nz} Dia 0,373 Total Gas (a/he) 17434985
Careder Air W0 [sefh) 21710000 Nozzles (throat): § 02 post §B Cabn 0.76¢
ebr Air Seg Brar (kpph) 0.039 Injector (tube): 50.000 Coal Split PC (%} 4,478
f2/8 Ratio 1.1 2 Utiliration, ¥ §1,399
STCLoEIMNE™ 0 h2B: (for Co2l) 5.9 SCFY to #/hr .07
STOIA, ADR: (0 air/ tab fuel) 5,985 -
Ph:'s:  Fis poi 1.0 Clng Calc (Btu/sec) 370,300 Cing Meas (Btu/sec) 327.444 Flow #/sec  26.800
Bt 1,889 Tot! flow essunes equt) over a11 8 circuits:
[ 8.9%2 FLUY {Btu/ft2-sec):
Overe™) zhi at Sec, Brar 0392 H Al 0.1 Rl 1413 1) WF 1566 B4 SRS 349
BE SRS 2319 BB SRS 2531 T RCET 234 BETAP 0,408
ENTZEIINS:
& ostach A peas. At 32 02 At Cale S8 02 1/MBty
% %) §.01C
0 (p) 9,380 11.264 12,861
Mo {ppr 156,000 181,38 210,513 0,284
802 w/15  (pro) 155,000 186,124 208,22 0.393
Sawin L5 (ppr), cate  339.0%8 404,562 452,522
ALK TEMPERATURES (deg Fl:
Atr Preheat Inlet 141,000 Preheat Outlet 358,500 Mbient  17.000
FLUE GAS TEMPERATURES (deg F): KATURAL GAS INPUTS:
FG Air Preheat Inlet 548.500 PG Preheat Outlet 371.000 K. Gas MeBtu/hr § of Total load: N/A
STEANS (KPPF): Boiler 15.040 Flash Tank 1.880 Tota) Steam 16.920
Press. (9s19): Boiler 102.000 Flash Tenk 103,000
Teaps. (43 F): Boiler 336.000 Flash Tenk 336,000 Fead H20 (deg F) 212,000

COMBUSTZE LCA35:  Conl - mmBtu/hr 19,834 Cooling {Con) ¢ NGas) -8 9.573  Cooling #i20 Inlat (deg F) 341.000
fo2' » K, Gas - Wegtu/hr 19,804

RESULI3: Steas Gen Eff'cy (3} 83.%52 Fuel to Stean Flow Corr.  0.969
Bsiler Efficiency (%) 82924 % 502 Reduction  §3.765 Intresion Air (4/he) ST8C.07

AEMARKS:

B54



HEALY TESTS TEST SUwaaRY I Pgs: 2 feiision: 1

Date: 6/¢0/91
TEST:  §49-%EQ fate  Bi/2/0
PLURPOSZ; GEWERATE & TONZ OF BAGKIUSE CATCH FOR NIRC

COAL: Source: HEALY PERF BLEND
Ultsmate Aralysis Appiied
Coepasition (8) - Carbon: 47,450 Hydrogen: 3,820 Oxyger:  15.080 Nitrogen: 0,730 Su'fur: 0,340
Neistume:  10.830  Ash: 21,080 T280 (cele. deg F): M8 Wy (Btu/1b): 988

LIMESTORE: CANTNELL 1 Cal03:  90.400 NATURAL GAS: Btu/lb
Nydrogen (# K2/t AG):

Stoich air (¥ air/t NG):

TEST PARIMETERS - COMBUSTOR FIRING CONFIGURATION:

Deration iming): 137 Saction: Time of Test:  §:07
FLOW RATES:
toai 70 (4/hr) 1140900 LS (#/hr) 50.500 Total Air (#/hr)  15108.5810
Carrier Air PC (safh)  12500.000 LS Split (I/W) 100/0 Stoi Air (8/hr)  14686.81%
torpustion Asr BC (kpph)  5.9%4 § ueaztes Xesy Air 8B (0h) 421708
Kis Buste Air PC (kpph)  5.802 Carr’r /LS (scfh}  9540.270 Total Coal ‘#/h-)  2454.000
Caal ¥ (#/he) 1314.000 C.A. Press (psig)  Ede Nzl Dia 0.375 Total Bes (4/hr)  110(8.315
Larrier dor Mo (sefh)  21016.0c0 Rozzles fthraat): % 02 post S8 Cmbn 0.540
frks ir e Brar Chgph) 0,000 Tnyeciar (tube}: 30.000 Caal Split PO (8} 46,453
£a’s Ratio 1S Cz Otilization, ¥ 26,783
STOTLHIONETRID ATE: (far foa™! §.908 SCFH to #/h- 0.07% -
87000, AIR: (# air/F tot fue!! R H
PAl's:  BLIghi 1.0 Clng Calc (Btu/sec)  362.60¢ Clng ¥aas (Btu/sec) 450,411 Floy 4/sec 28,800
Foope 1,885 Total flow assumez aqu2i over 211 § gircuits:
e ok 0,974 FLuX {Biu/ft2-sec):
Jverz!t ph b SenL drnr o 0.479 Al 0.798 KAl 1,236 83 MAF 2,450 M OSRE 3,350
$5 SRS 2,617 BB SRS 2458 HTPCET 28T HTHP 0,638
ENISSIONS:
13414 As meas, At 3y 02 At Cale 5B 02 §/mBty
%y 5,138
t (pgn! 17,000 .8 35,199
Kox (oon! 130,000 153,332 174,240 B.233
$0: w/LS  fppe) 19,002 194,332 28051 0.421
Sivwie i§ (pps), cale ST 404,551 457,368
ATR TENPERATURES fdeg F):
o't Preheat Inlat 142,500 Prehest Dutlet 390,000 Agbient 17,000
FLUE GAS TENPERATURES {deg F): NATUBAL GAS TNPUTS:
B5 Air Preheat Inlet 602.000 PG Prebeat Qutlst 10.000 K. Gas WBtu/hr % of Total Load: W/k
STEANS (KPPH); Boiler 15,12 Flsh Tk 1,740 Tota) Steam 16,080
Fress. (psig: Boiler 10).000 Flash Tank  103.000
Temps. (dg F': Boiler 336.500 Flash Tank 134,500 Fead 120 (deg F} 212.000

COMEUI™GR (OADT: (ol - WMBtu/hr  19.803  Cooling (Coal + N Gas} -8 §.006  Cooling M2C Inlet (deg F} 340.500
toal ¢ K, G - WMBtu/hr 19603

RESULTS: Stear Gen Eff'cy (%) f2.4N0 Fuel to Staan Flow forr, 0,047
fioc:Ter Efficiercy (3) 81,841 § 502 Reduction  50.¢5! Intrusion Air (/hr) 3510.39

REMARYS:

B55



MEA s TESTS TEST SUMKARY i Pgs: ? Revis-on: 0
Date: 6/10/91
TEST: 1TA-4E1 fate  05/2%/H
PURPRSE:  GENERATE & TOMS OF BASRCUSE CAT(M FOR KIRD
CoAL: Source: HEALY PERF BLEND

Ultirate Analysis Applied

Corpesition (8) - Carbon:  47.450 Nydrogen:  3.620  Oxygen: 15980 Nitrogen: 0730 Sulfur: 0,340
Korsture:  10.330  Ash: 21,060 T250 (catc. deg F): ms HHY (Btu/1b): 1483
LINESCAE: CANTWELL T CAC03:  §0.400 BATURAL GAS: Btu/1b Stoich air (¥ air/8 NG):
Hydrogen (B H2/8 NG}:____
TEST PARANETERS - COMBUSTOR FIRING CONFIGURATION:
Ouration (mins): 196 Section: Tie of Test:  11:12
FLOW PATES:
Caal FC (8/h) 1168. 000 LS (4/hr) 50,080 Total Air (#/hr}  18802.521
Carmier Afr PC (scfh)  12900.000 LS Spiit (IN) 160/0 Stoi Air (B/hr}  15023.938
Cenbustien Arr PC (kpph) 6,280 i Nozzles Acss Air 8B (4/hr}  BBE.S5R4
Wir Bustle £ir PC {kper) 6,280 Carr’r A/LS (scfh)  9540.200 Tota" Coal {#-hr) 2512.000
Coal WS (#/hr; 134,000 §.h Press [psig)  Ede ¥zl Dia  .275 Tota! Gas {#/hr, 11507.37
terrie- Aur M sefh) 21710000 Nozz'es (throat): Y 02 post 38 Cabr 1,059
Cebe ker Ses Benr Thpph) 0,000 Injector (tube): 50.000 Coal Split FC (8)  &k.497
fa/s Ratio 1.497 Ca Utilizatier, 26,307
STOICKIMET=IC AIR: (for (oal 5508 SCFH to #/hr 0.076
§T000w, AIR: 0% air, 4 tet fuet) 5,985 -
PH:'s:  Poophi 1,038 Clng Calc {Btu/sec)  387.920 Cling Meas (Biu/sec) 533.617 Flow #/sec 28,800
P: ph R Kk Total flow assumed equal over 211 § circuits:
Wk 1,099 FLbv (Btu/fii-sec):
Qverall oo 2t See, Brer 1,008 31 AL 0.47¢ R 4I 1,330 83 BAF 2813 MRS L4
$5 SRS 2640 BE SRS 2648 BT RCET 2187 MR 0.8
EMISEIONS:
£ stack S mess. At 302 At Calc 88 02 /Mgty
Y 5.9
¢ {ppr 110 49,048 M
N (o) 132,000 157,563 114,546 0.239
L2AS ) 196,700 222,081 245,876 0.470
SCa wic LS (ppm), cale  J41LETH 404,569 448,229
ALP TENPERATURES (ceg £):
Air Preheat Inlet 140.300 Prehast Qutlet 304.500 Anbient 17.000
FLUE GAS TEMPEEATURES (deg F): AATURAL GAS TNPUTS:
FG Air Preheat Inlet 396.300 FG Prehent Outlet 461.300 N, Gas mBtu/hr___ xoof Total Load: W/4
STEAKS [1894): Boiter 14,588 Flash Tank 1,902 Total Steaw  16.500
Press. (psiyh: Boiter 103.080 Flash Tank 183,000
Temps. {dg F): Boiler 337.000 Flash Tank  337.000 Feed K20 (ceg F) 212.000
COMBUSTOR 10205 Coal - WMBt/he 20,066 Cooling (Coal + M Gas) - % 0.504  Cooling H2D Inlet (deg F) 342,000
weal 4 b, gas - WHEsu/hr 200088
RESULTE: Stear Ger Eff'zy (3) 02.654 Fuel to Steam Flov Corr. 0.4
Bo‘ler EFfictanay (3) 91,995 & SO2 Reduction 44875 Intrusion Air ($/hr) 545,14
RENARRS:
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KEALY TESTS TEST SUMNARY i Pgs: 2 fevision: {

Date: 6/10/¢
TEST: LEAELL Y, Date 05/24/4t
PURPOSE: GENERATE & TONS OF BAGHOUSE CATCH FOR KIRQ

LO4L: Seurce: HEALY PERF BLENQ
Ultinate Analysis Applied
Corpusition (%) - Carbon:  47.450 Mydrogen: 3,620 Oxygem: 15,980 Kitrogen: 0,730 Selfur:  0.340
Noisture:  10.830  Ashs 21,060 1250 {calc. deg F): 218 HHy (Btu/1b): 1983

LIMESTONE: CARTRELL a0l 90,400 NATURAL GAS: 3ty/1b
Kydrogen (¥ K2/¥ WG):

Stoich air (¥ air/8 NG):

TEST PARANETERS - CONBJSTOR FIRING COKFIGURATEON:

Duration {mins): 93 Section: Tine of Test: 10:17
FLOW RATES:
Coz! FC (#/hr) 1153000 LS (3'hr) 5.500 Total Adr (B/hF} 17222521
Carrier At P2 (sefnt  12500,000 LS Split (I/N) 100/0 Stei Air (#/nr)  t4B4Z.42
Cogbustion kir PL Chaph)  6.140 $ Nozzles Xess Air SB (#/hr) 280,093
oo Bustle £1r BC (kpprd 6,080 Carr'r A/LS (sefh)  9540.200 Total Conl (#/hr)  248C.000
Coal NI -#/rr, 1321000 C.A. Press {psig; Edc Kzl Dia  0.373 Total Gas (8/hr) 1920239
Carmier hir KO (scfn) 217110090 Nozzles {throat}: § 02 post SB Cabr 2,10
teon Mir Sec Brer {ipphy 1,890 Injector {tude): 50,000 Ceal Sphit BC (%) 46,492
Ce/S Ratie 1,762 La Utitization, ¥ 20.036
§TLICRIIMETELC ATR: {(for loal) 5.969 §CFn to 8/hr 0.076
STOICH, AIR: (5 a7r/# tot “ugl) 5.9 _
PRI's: P00 pni 1,028 Cing Cale (dtu/sec) 349,200 Clng Meas (Btu/sec) 482,556 Flav #/sec  24.800
Booor 1,405 Total flov assumed equal over all § circuits:
NC g 0.997 FLUX (Btu/ft2-sec):
Qverzll pm gt Sec. Arnr 1111 #Al .20 1Al 1,413 13 BAF 201 MRS 2.4
LR .58 it 588 288 PCET 2.1 KW IRLE
tHISSONS:
At stack As pess, MR A Cale 58 02 /sty
0z (%) 6.187
i (pen) 25.000 30,338 10,431
Ny ippe) 132.000 150,183 152,786 D.242
0wt {pow 218,500 W R 0,363
S0r w/o L3 (ppr), cale  33¢.572 TR} 410,04
ALR TEWPERATUR:S (deg F): :
Air Preheat Inlet 138.000 Predaat Outtet 301,000 Asbient 77.000
FLUE GAS TENFZRATURES (deg F): NATURAL GAS INPUTS:
FG Air Preheat Inlet 620,500  FG Praheat Outlet 401,800 K. G4s mBta/hr g of Total Load: W/A
STEANS (KPPR): Boiler 15,060 Flash Tank 1,128 Total Stean 16,780
Prass. {ps1g): Soiler 103.200 Flash Tank 103,000
Tesps. {dg F): Boiler 238.000 Flash Taak  338.000 Feed W20 (dog P} 212.000

CONBLSTOR LOADS:  Coal - Wbsu/hr R840 Cooling fCoa’ ¢ WBas) -3 B.789  Cooling HID Inlet (deg F} 341.000
foa + X, Gas - WMBtufhr 45,010 ’

RESLLTS: Stear Gen Eff'cy (3) 82,497 Fuel to Steaw Fiow {orr. 0,963
Botler Efficiency {3} 81,503 ¥ SOZ Reduction 34,003 Intrusion Air ($/hr) 4237.54

RENARYS:

BS7



HEALY TESTS TEST SURNARY § Pgs: ! Revision: 0

Date: §/10/9"
TEST:  452-RE Qate  E34/H
BURFOSE: SEMZEATC 5 TCNS OF BAGHOLSE CATCH FCR NIRD

COAL:  Source: NEALY PERF BLEND
UTtirate Anaiysis Applied
Compesition (%) - Carban: 47,450 Hycrogen:  3.620  Oxygen: 15,980 Witrogen:  0.730 Swlfur: 0,340
Noisture:  10.830  Ash; 21,060 T250 (calc. deg F): s WY (Btu/ib): 1986

LIMESTONZ:CAKTNELL 1 Cal0k:  S0.400 BATURAL GAS: Btu/1b Stoich air (¥ air/¥ NG):

Hydrogen (# H2/8 NG):

TEST PARAMETERS - COMBUSTOR FIRING CONFIGURATION:

Qurztion {gins): 1 Section: Tine of Test: 20:04
FLON PATES:
Toal PL (4/hr] 1134.000 LS (#/nr) 48,800 Tetal Air (0/hr) 1778751
Carmer Aty PO [szfr)  12520.000 LS Sprit (I/N) 100/0 Stol Afr (B/hr)  14603.027
orbastron Air PO (hppht 438 ¥ dozzles Xess Air SB (3/hr) 31B4.453
Wie fustle hir PG (hpph) £.230 Gart’r ALS {sefhl  9540.270 Tota) Con) (/he) 240,000
Cozl WC (4.0r) 1306, 600 (. Press (psig) Edc Nz1 Diz  0.375 Totad Gas (#/nr)  18735.503
Carrier A W (seff)  21T16.002 Kozzles (throst): 1 02 post §B Catn 3,528
Lube Aot Sec 3rnr (hpphi 1,700 Injestor (tube): 56,000 Conl Split 0 (3} 46,475
Ca/§ Ratio 1.708 fa ULilization, & 32,148
STOICRIIMETRIL AIR: (for {oz)) 5,088 SCFE to ¥/hr ¢.076
STRICr. L2500 aark it fuel) 5,985
PHI's: DL pmi 1,089 Clng Salc (Btu/sec)  360.000 Clng Meas (Bou/sec) 475.542 Flow d/sec
FCoph 2.00° Tota] flow assuped egua) over a1l 4 tircuits:
Mo 1,048 FLUX (Btu/ft2-see):
Overall pri at Sec. Brnm 1,186 # Al 0.435 824 1,285 43 BAF 2,560 SRS
BESRS 2636 ESRS LMY MPLET 220 M
EXIZSTON::
AL stack AS meas, At At Cale 58 02 1wty
0 (% 6.350
(0 (pmm) 23,088 101,980 9%.007
Nxo (pm 142,520 175.085 163,982 0.2¢4
Siwiis {ppe) 145200 183.072 11,135 0.384
Six w/o LS (pped, cale  332.842 404,566 333,300
AIR TEMPERATURES (geg F):
Air Preheat Infet 133,300 Preheat Outlet 403.000 Anbient 17,000
FLUE 5AS TEXPERATURES (deg F): MATURAL GAS TNPUTS:
FG hir Prahast Inlet 620.500 FG Preheat Outlet 422.000 M. Gas MéBte/hr____ % of Total Lead:
STEABS (XPPH): Boiler 15,705 Flash Tank 1,688 Total Staam 90,470
Press. (psig): Boiler 103.000 Flash Tenk  103.000
Tenps. (¢ F): Boiler 334.000 Flash Tank 336,000 Feed RO (deg F) 212.000

CONESTOR LOADS:  Coal - WMBtu/hr 19,481  Cooling (Coal ¢ N Gas) - % 8703  Looling MIC Inlet (deg F) 339.000
Cor’ + K. ads - MEBLuhr 19,441

RESULTS: Stean Gar Eff'ey (8) 81742 fue) to Steas Flow forr.  0.851
Boiler Ef<iciency (3) 81.061 % 502 Reduction 54.80% Intrusion Air (8/hr) 2598.82

REMARAS:

28.803

3.4
0. 454

M

BS8



BIBQ 3591 drujoweueq abpry |ing om

“¥8 I1qe}
1

0 UL OMTORUY AUV OLISE GEE LCD O 4005 0TSy eSS SN0 TID 0T T W1 e (1] t L]
MEE MM Y NS ST S T SETS Iy BRI NEDT WLE SETT eeT (el aTT Y Ml Khn i -
SHE 0 MU OTEY 15Ty MS- MTT OSSO WY 0oy I8 OSEN 0T el ' " sl 1THI-4%
SO0 ML WS WE S M OTES IS e ST N a5 ’ st L] ® -1
BEA O fSL M oSS Y BEL SETE e Y ee el WSt vel il ' o wijm ] I-1%
SIS I WL OGS WS ME- S W WY em ST et e e ] u w8 mi-m
HEE O MD OO MY S S NS TEE Y 60N I et 1R I L] woWNTn D -5
NS DT NS0 85C THY %Al EY MTEOITY ROy T SIST 4t Ul L] nt s (] -0%8
Lo T I T I T B I R S T L T TR T A | ] {1t S o5 SHL-L5§
L o | T T R (R L T s S B T T A A TLIO T O v A T ' (1 LY R L9455
BIETHSD IF 89S SHT-IEME STUE SSTS MY EOE SSET MO 0SE W0 ne WY aie Y {14 K {1 {18441
WUE MT DD I8°Y 1000 &Sy SO0 SUY 600 006 0591 M0 4700 SO0 160 ST 8N Y nl K o -ns
WEE O S0 41 W ZUT D0 20T G600 0D OIT 6y 0D SeT onee WL SET Y "I “h no-£5$
TE TU N I T R S S TTT 7™ S TT) T R T /T T T WMo uwh .

Wi oows s (S N M RLBNY [H TN INd Ted WM II3 US04 WNIES ABAON ]
BN XN 02 IO 10 WML WORS NN WM 0D WED 0D QWOT 85 W D4 304 DRI TR0D M Ml D WS 3%

B59



(panuijuo)) -8 d|qe)

Gl

900 WAL W03 SHOTLIGNOD SHiIVHId0 4311381 01 SISTL S0
) W0 W05 SHOL)FRN0D SMEIVEGE0 L4140 03 S1S3L 957
V00 W6t 90J SNOILISMOD SWItvidd0 A1LNIAT 01 8453; 957
TH0D W01 W04 SHOMI19m0T MTLNU30 A1NINN) OI Si531 Ei°e
V0D URL W04 SHOTLION0D SWILNUI0 {11 O S153i §0°9-
900 k80 W04 SHONLEGNCD MEIVE30 LITININI O1 S1531 '8
WO B W) SHOTLINCD SWLLVE30 AATINT O1 SISTI T4'e
WO UEL W04 SHOELINNCD 9ME1VN340 AJTINNY O1 SIS3L T4°H
603 VAL 904 SNO1LTONOD SKLIVHI0 L:1Ia300 OF S1531 1679
003 WAL WO SHOLIIANOY DNIDKIIG0 AILINIEL OF 51531 95°1
@I A1 W04 SHOLINANGY SM11¥d3d0 13130381 0L SiSHI 00'e
1600 481 %05 SHOTIEMNOD SM1{%U30 Li13N3NI OL SN530 O9°¢

SSLNN0 S-1)
k]

wi
wi
1
i1
Wi
Y|
i
H
N
(1]
Wi
LI
-1
frut

i
5’0
w1
Kl
(19
il
"1
[t |
ni
i
(1!
"wi

L
nwi
wi

Wi weivyem il 1o

e
H
e
i
i1
i
) ]
i
12 ]
i1
i1
(14

el s s
sy o fm

s
e
1)
i
wi
"wi
wi
e
wi
wi
"ol
(1

$-1)
L]
CILIY IS NPT SIS T T LR 1Y VM

(13 ]
"
L]
ne
(13 ]
LN
118}
i
il
10|
"
s

1) sh1 1w
i ssov wist

"l
(13
141
144
(11
bt
113
i
t1
L1
ni
(131

£ M LK e WS IS T N

CHOAST L8 ML SS WD M LI

WCH N BT NI ST T TTI-EN

(R ] m o NN

G R ] Wit e

®il st % TN S TR

COE Y] HOM -

Kil e " oo I-KS

GO Y] ™ot -

(N Y] "mout o e

(1] BHOCH WY WIS I N heses

wl B UK "our s

i WAL UN NN LU W S oM TeR-EsS
1t Ml 39m 1 T A 7

H w1l WS 1 oM olw oh RN

Iy W0d 101 M 05§ Sfw) ST 0% o8 i

860



HEALY TESTS TEST SUMMARY § Pgs: 2 Reviston: §
Date: §/18/91

TEST:  S83-TER! Dete  05/30/90

PURPOSE: IDENTIFY SUCCESSFUL OPERATING CONDITIONS FOR TAR COAL.

LOAL:  Source: THO DULL RIDGE

Uit imate Analysis Applied

Composition (X) - Carbom:  43.500 wydrogen:  3.490  Oxygen: 14,830 Witrogen: 6,740 S$alfur:  0.360
Noisture: L8206 Ash: 21,320 TS0 (calec. dag F): nu WY (Hu/D): 1358
LINESTORE: CARTHELL 1 CaC03: 90,400 RATURAL SAS: Bte/1b Stoich afr (8 ais/9 B):
Hydrogen (3 K8 K):
TEST PARANETERS ~ COWBUSTOR FIRING COMFIGURATION:
Quration (mins): i Saction: 1 OF 1 Tiee of Test:  1:51
FLOW RATES:
Coa PC (8/hr) 79,000 L§ (#/hr) 4.000 Tota) Air (/hr)  $OTR2.520
Carrier Air 70 {scfh)  12600.000 L$ Sp1it (1/n) 100/0 Stoi Air (0/hr) 95854
Cosbustion Air PC (tpph)  4.020 1 Rozzhes Xess Afr 8B (M/he} 1167.021
Nix Bustle Air PC (kpph) .3 Sare’r ALS (scfh)  9340.210 Totel Coal ($/hr) 1138.000
Coal NC {B/hr) 1060.000 C.A, Press (psig)  Gdc 2] Dl 0.315 Total Gas (3/hr) 12031.814
Carrier Air M0 (sefh)  21710.000 Rozzles (throat): % 02 pest €5 Caba 2.118
Cabn Adr Sec Brar (kpph}  1.620 Injector (tube): §0.000 Coal Spiit PC (3)  29.045
Ca/S Matio . L Btilization, £ 21407
STOICHIONETRIC AIR: (for Coul) §.512 SCFH te #/hr L
STOICK. AIR: (W air/# tot fuel) §.512 -
PHl's:  PCC phi 1,304 Clag Calc (Btu/sac) 352,800 Clag Maas (Dtw/sec) S28.047 Flow #/sac  26.000
PC phi 1.2 Tota) flov sssumad equal over 211 & circuits:
NG phi 0.939 FLUX (Btu/ft2-sec):
Overal] phi at Sec. 3rar 1048 $1 AL (8 YRS 7 N 14 1265 B WF LA MM LK
ESSRS 2082 MRS LTW WTMCET LEET O MTAP 0.000
ENTSSIONS:
At stack As M3, At 0 At Cale 50 02 §/Mte
g2 (1) 1.800
0 (pom) 13.000 10190 20,12
Wx (ppe) 131,000 w.m W18 1
502 v/tS  {ppa) 163,800 .m LR .50
SOx w/o LS (ppm), cale  321.841 “i .50
AIR TENPERATURES (deg F): )
hir Prebeat Inlat 144.000 Predest Outlet 204.000 Mbint 71.800
FLUE GAS TEMPERATURES (deg F): MATORAL GAS INPUTS:
FE Afr Probeat Inlet 426.000 PR Prahest Outlet 299,000 D Gas wedte/br___ % of Total toad: WA
STEANS (XPPH): Riler L3 Flash Tk 1,008 Total Stem  0.020
Prass. (psiy): foiler 192,060 Flash Taak  103.040
Tesps. {dg Fi: Boilar 336.080 Flash Taak 336,080 Food NXO (deg F) 212.004
CONBUSTOR LOADS:  Coal - mbta/hr  12.796  Coolinp (Conl + M Bas) -3 44,010 Cooling R20 Inlet (deg F) 340.000
Coal + N, Bas - Wtu/hr 10106
RESULTS: Staan Gen Eff'cy (1) SLI6T Feel to Steem Flow Corr,  1.1W
Boiler Efficiancy (3) 62.460 1 802 Reduction 40,182 Intrusion Alr (8/hr) 101,06
RENARKS :
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BEALY TESTS TEST SUMMARY § Pgs: : Reviston: 0

Date: §/19/91
TEST: §54-TBR? Date 05/31/91
PURPOSE: IDENTIFY SUCCESSFUL OPERATIAG CONDITTONS FOR TBR COAL.

COAL:  Source: TWO BULL RIDGE
Ultimate Analysis Applied
fomposition (3) - Carben:  43.500 Wydrogen:  5.410 Oxygen: 14,330 Ritrogen:  0.760 Sulfur:  6.300
Noisture:  0.820  Ash: 27320 1250 (cale. dog F): un Y (Dtu/1b): 1350

LINESTONE; CANTHELL L CaC03:  96.400 RATURAL GAS: Mu/th
Nydrogen (4 K2/3 B):

Staich gir (8 air/8 15):

TEST PARANETERS - COWBUSTOR FIRING CONFIGURATION:

Buration (ains): " Section: 10F 1 Tioe of Test: &:54
FLOW RATES:
toal PC (§/hr) 1060.000 1§ (3/pr) Totad Afr (#/he}  15462.644
Carrier Afr 80 (sefh)  12500.000 18 split (I/0)  180/0 Stod Alr (B/hr)  14981.313
Combustion Air PC (kpph) 4,190 1 Boazles —_— Xess Afr 8B (#/hr) 681,831
Kix Bustle Afr PC Chpph)  4.230 Care'e A/LE (scfh} 8.900 Total Con) (#/hr) 2714.000
Coal MC (#/hr) 1658.000 ¢.A Prass (psig) Edc Mzl Dia  0.375 Total Gas (8/hr)  17639.08¢
Carrier Afr MG (scfh)  21750.000 Norles (throat): % 02 post S8 Cabn (A 1T
Uabn Air Se¢ Brar (kpph) 2030 Injector (tube):  50.000 Coal Splft PC (3) 30999
£a/S Ratio WA €1 Utilization, 3
STOICKIOMETRIC AIR: (for Coal) §.512 SCFi to #/hr .
STOICH. AIR: (# air/ tot fuel) §.512
PEI's:  PLC phi 0.983 Clag Cale (Btu/sac)  278.000 Clag Neas (Btu/sac) 384,181 Flow 0/sec  28.800
PC phi 2,050 Tote] flov assumed squal over 11 § circuits:
N phi 2.0 FLUX (Dtu/ft2-sac):
Oversll phi ot Sec. Brar 1,046 il 0.5 RA 1000 03 DAF LB M LS
B LB MRS 1260 MTRCET 221 MTAP 0000
ENTSSIONS:
At stack As oas. A At Cale 88 02 oty
02 (1) §.530
& {om 1.000 110,742 123470
NOx  (ppa) 146,000 114,183 195,010 [T}
02 w/iS  (ppm) 232.000 M. $23.150 (K1)
§0x wfo LS (ppm), cale 37040 5,131 Be.00
ATR TENPERATURES {dey F): .
Jir Prebeat Inlet 137.M0 Prabeat Dutlet 151.000 Asbiat  71.800
FLUE BAS TENPERATURES (dag F): RATAAL GAS INPUTS:
F§ Afr Prabeat Talet §70.900 PG Proheat Owtlst 370.000 N Gas WBta/br______ % of Totel Load: W/A
STEANS (KPPH): Soiler 14,485 Flash Tk 1403 Tota) Stame 15,090
Prass. (psig): Boiller 103.000 Flash Task 183,000
Teaps. (dg F): Boflar 337.080 Flash Taak 337,800 Food 20 (deg F) 212.000

CONBUSTOR LOADS:  Cos! - MKBtu/hr  39.999  Cooling (Coal + R Gas) -8 T.008 Cooling H20 Inlet (deg F) 340.800
Coul + N, Gas - MiBtu/kr 19998 .

RESULTS: Stean Gen Eff'cy (3)  82.901 Fea] to Steam Flow Corr, 1,093
Bofler Efficioncy (%) 02.950 % 502 Reduction 37.734 Intrusion Afr (#/hr) €545.98
REMARNS:
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HEALY TESTS TEST SUMMARY § Pgs: 2 Mavision: §
Dete: ¢/14/01

TEST:  S5-TORY Bate  06/03/%1

PURPOSE: IDENTIFY SUCTESSFUL OPERATING CONDITIONS FOR TAR COAL.

COAL:  Sowrce: TNO BULL RIBGE

Uitimate Anatysis Applisd
Composition (8} - Carbon:  43.500 Nydrogen:  3.410 Oxyper: 14330 Nitrogen:  .760 Suifer: 0,360
Noistere:  0.020  Ash: 21320 T280 (calc. deg F): un Y {Btu/1b): 1358

LIWESTONE : CANTWELL § Cald3: 90,400 BATURAL 8AS: Bta/1d
ydrogn (J W2/8 K):

Stodch afr (B air/3 K):

TEST PARANETERS - COMDUSTOR FIRING CONFIGURATION:

Duration (sias): n Section: 10F 1 Tiow of Test:  15:22
FLOW RATES:
Coal ¢ (¥/hr) 1400, 000 1S {8t} §83.000 Total Alr (#/hr)  18042.521
Carrier Afr PC {scfh)  12500.000 LS Split (1) 10/ Stot AMr (8/he) 19044210
Combustion Afr PC {kpph}  #.000 § ozl Xess Afr 80 (4/hr) -1081.0%0
Wix Bustie Air BC {hpph)  §.350 tarr'r A/LB (3¢Fh)  #840.270 Tota) teal (B/hr) 2455000
Cot! KC (#/hr) 1855.000 C.A. Pross (psiy) Bdc Wz Dl 0.375 Total Gas (#/hr) 20001.182
Carrier Air WC (scfh) 21710900 Mezzles (throat): 502 post SO Cabn 1,052
Cabn Air Sec Bear (kpph) 3,180 Injector (tubs): §0.000 Cotl Split PC (3)  44.310
. Ca/s Ratio 1.m Ca Utilization, § 1448
STOICHIOMETRIC AIR: (for Coal) §.512 SCFH to Bfhr 0.07¢
STOICH. AIR: (8 air/# tot fuel) 5.512 ~
PHI's:  PCC phi 0.700 Cing Calc (Dtu/sac)  302.400 Clag Meas (Btu/sac) 434.061 Flov #/sec  20.000
PC phi ta Tata) flov sssumed aqual ovar 211 & circaits:
N phi 074 FLUX (Btu/ftd-sec):
Overall phi at Sec. Brar 0908 Al 1.4 12l 0.006 03 161 M 1.
8 58S L4 RS L HPCET 3200 HM 1.42
ENISSIONS:
A stack As mas, it 0 At Calc 80 02 8ty
02 (1) §5.000
¢ (ppm) .00 3.95¢ .40
N0y {ppa} 114800 NI %M 0.310
802 w/1S  (ppm) 2.0 RN} 455,000 L%
§0x w/o LS (ppm), cale 34544 #1.02 558450
AIR TEKPERATURES (deg F):
Air Prabmat Inlet 136.000 Probeat Outlet 356.080 Mbint  71.000
FLUE GAS TENPERATURES (deg F): BATWRAL GAS TWPUTS:
F& Air Prehaat Inlet 644.C00 FG Prebeat Outlet 393.088 BoGas mata/hr 3 of Total Losd: WA
STEANS (EPPH): Joilar 15,320 Flash Tak  1.84§0 Tota) Stam 16,070
Prass. (psig): Soiter 103.000 Flash Task  102.000
Tomps. (dg F): Joiter 330.000 Flash Tk 338.004 Food KX (dog F) 212.000

CONRLSTOR [OADS:  Cou! - Witu/hr 25,422 Cocling {Ton) * NGas) - %  6.150  Cooling 2D Inlet (deg F) 341980
Lol + N, Gas - WBta/hr 25,422

RESULTS; Stean Gen Eff'cy (3} 00884 Fuel to Stamm Flow Corr, 1.207
Boiler Efficiency (3) 02,221 8 §07 Redection 10,004 Intruston Afr ($/hr) W032.44
BEMARKS :
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HEALY TESTS TEST SUMMARY M H Revision: 0
Date: 4/19/91
TEST: §56-TORI e 04/04/%1
PURPOSE: IBENTIFY SUCCESSFUL OPERATING CORDITIONS FOR TOR COAL.
COAL:  Seorce: TWO BULL RIDGE
Bltiaate Analysis Applied
Conposition (%) - Carbon:  43.500 Nydrogen:  3.410 Oxypen:  14.330 Bitrogen: 0,760 Selfur:  0.240
Noisture: 9.020  Ash: 21,320 1250 (talc. deg F): an iy (Bt/1b): 1258
LINESTONE: CANTWELL § Catdy:  n0.4d0 BATURAL GAS: Mta/lb $tofek air (4 alr/t B):
ydropen (# H2/% IG):
TEST PARANETERS - COWBUSTOR FIRING COMFTIGURATION:
Buration (wins): 0 Sastion: 10F1 Time of Tast:  11:§1
FLON RATES:
toal PC (8fhr) $400.800 i8 (0/br) Total Afr (#/hr)  22M98.444
Carrier Afr PC (scfh)  12500.000 L§ Split (IM) i/ $tof Adr (8/hr} 17385017
Coabustion Air ¢ (kpph) 4,388 1 fezzles —_— Tess adr S8 (0/hr) 413,841
Nix Bustle Air PC (kpph)  4.470 Sare'r AJLS (sefh) 0.000 Total Coal (#/hr}  3154.000
Coal NG {#/hr) 1674.000 £.A, Prass (psig)  Ede W21 ik 0.375 Total Gas {9/hr) 25090971
Carrier Air NC (scfh) 29710000 Rozzles (throat): T02pstShCabn 47113
tabn Afr Sec Brer (kpph) 4,330 Injector (tubs): 50. 000 Coal Split PC (3) 46,925
Ce/S hatio L1 a Btilization,
STOICKIONETRIC AIR: (for Coal) §.612 SCFH to #/hr 800
STOICH. AIR: (¥ air/# tot fus)) 5.512 -
MH's:  PLC phi 0.000 Clag Cale (Bta/sac)  288.000 Clng Meas (Btu/sec) 42.417 Flov #/sec  20.800
P ph .08 Tota] flev assoned oqua! over 411 0 circaits:
K phi 1,082 FLER (Btu/ft2-sac): '
Overall phi at Sec. Bar 111 Al e il 1L.H0 5133 1933 M 1,634
SRS 210 MRS LM RMCET 245 HTP O 0.8
ENISSE0NS:
At stack As mots. At 302 At Cale 89 02 )ty
02 (1) 5008
0 {ppn) §2.560 81,501 13.0%
0x (ppa) 202,000 240,403 HLIN .36t
502 ¢/l (ppn) 14,600 R ] M4 .42
S0 efa LS (poal, cale 304006 8.3 8.
AIR TENPERATURES (dog F):
Afr Preboat Inlet 124,900 Prabaat Outlet 342.080 bt TT.00
FLUE GAS TENPERATURES (deg F): ATERAL GAS TWPUTS:
FG Afr Probeat Inlet #62.008 1S Preheat Outlet 374.000 LoGas MOta/he_____ % of Total Load: UM
STEANS (KPPH): Boilar 17,480 Flash Tk 1450 Tota! Stemn 10,100
Prass. (psig): Bofler 100,069 Flash Taak 103,088
Temps. (49 F): Boiler 320.800 Flash Taat  330.M0 Food 120 (deg F) 212.%00
CONDUSTOR LOADS:  Coul - mebtu/hr 20,267  Cooling (foa] ¢+ MGas) - % 1.181  Cosling N20 Inlet (deg F) 242.080
forl ¢ K. Gas - B/ 2.8
BESULTS: Stean Gen Eff'cy (3) #3115 Feel to Stamm Flow Corr. .
Boiler Efficiamcy (8) #3070 8 502 Meduction 20.2M Iatrssion Afr (0/hr) 104100
RENARKS:




HEALY TESTS TEST SUNNARY ¥ Pgs: 2
TE8T:  847-TBRS Date  G4/a4/M

PURPOSE: IDENTIFY SUCCESSFUL OPERATING CONOITIONS FOR TOR COAL.

tOAL:  Seurce: THD BULL RIDGE

Ultimste Antlysis Applied
Composition (%) - Carbon:
Boisture: .32

LINESTONE: CANTWELL § Caf03:

43.500 Mydrogen:

TEST PARAMETERS - CONBUSTOR FIRING CONFIQURATION:

Duration (mins); L]
FLOW AATES:

o} PC (¥/hr)
Larrier Afr PC (scfh)
Combustion Air PC (kpph)
Kix Bustls Air PC [kpph)
o2l NC {#/hr)
Carrier Air NC (scfh)
tabn Air Sec Brer (kpph)

I 000
12500.200
6180
§.400
1666.000
21710000
i.4¢

STOLCHIONETRIC AIR: (far Coal)
STOICK, AIR: (4 air/¢ tot fuel)
PHI's:  PCC phi

B phi

KC phi

Overall phi at Sec. dmar

§.812
§.512
LI
.08
1.062
f.44

ENTSSIONS:
At stack
02 (8)
0 (ppm)
Nr (ppn}
502 ¥/LS  (ppa)
S0x w/o LS (ppa), cale

As ms,
§.470
120.000
202,000
4. 4500
e

KIR TENPERATURES (deg F):
Atr Prahaat Inlet 109,500
FLUE GAS TENPERATURES (dag F):
F& Afr Prebaat Inlet TE.MQ
Boiler
Boiler
keiler

1012
193,000
36,00

STEANS (KPPH):
Prass. (psig):
Towps. (dg F):

COMDUSTOR LOADS:  Coal - MMBtw/hr
Coul + K. Gas - Wdte/hr

UM
0.1

RESULTS: Stean Gen Eff'cy (1) 8448

boiler Efficioncy (3) 82.448

RENARKS:

3410 Oaypea: 148300 Mitrogen: 0760 Selfurr  RIN0
Ath: 21320 T250 (cale. deg F): 2816 MWV (Bto/Ob): 1358
00, 400 NATURAL GAS: Dtu/1h Stoich afr (9 vir/s M)
Nydrogen (¥ H2/% B6):
Section: 10F 1 Time of Tost:  21:18
ts (3/hr) Tota) Air (30} 2823644
LS Split (I/M) 10¢/¢ Stod Air (8/hr)  17307.908
¥ Bozzles Kess Afr $0 (4/hr) 7515736
Carr'r AJLS (sefn) 0,000 Total Coa) (#/hr} 140,000
C.A. Prass (psig) B Ml Dia  0.375 Totad Gas (8/hr) 27108796
Rozzles (throat): 5 02 post SO Caba §.087
Injuctor (tube): §0.060 Coal UL X (3) #6943
Ca/$ hatio 1] Ca Otilization, 8
SCFH ta #/hr i

Revision: 0
Date: /19441

Clag Cale (Bta/sec) 240,400 Clag Meas (Bta/sac) 382.950 Flov #/sac  28.000
Tota) flow assamet aqual over att § cirtaits:

FLUK (Dtu/ft2-sec):

Bl e Nt 0.706 43 IF 1.1 S
LR 1 1.3 M LW RKE L RN
At 3802 At Cale 85 02 /ity
185,480 120,250
ML 0.0 0.361
.10 1,33 810
#s.1 ne. 1
Probeat Outlet 375.800 biant 71000
RATORAL GAS IWPUTS:
K Prodeat Outlet 294,000 0. Gas NBtu/hr 8 of Total Load:
Flash Tk 158§ Total Stea 21.090
Flash Task 183,900
Flash Taak  336.900 Food 20 {dog F) 212080
Cooling (Coal + W Gas) - % 5.0  Cooling K20 Inlst (deg F) 240.000
Fuel to Steam Flow Corr.  0.003

3 502 Meduction  20.340

Intrusion Adr (d/hr) ~140.84

2.0
b}

Vi
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KEALY TESTS TEST SUNNARY § Pgu: | Revision: 0
hate: §/18/M

TEST:  §50-THRE hte 04/

PURPOSE: TOENTIFY SUCCESSFUL OPERATING COMDITIONS FOR THR COAL.

COAL:  Source: TWO BULL RIDSE

Ultinate Analysis Applied
Composition {5) - Carbon: 43,500 Wydrogen:  3.410 Oxypen: 14,030 Ritrogen:  0.760 Sulfur:  0.360
Moisture: .83 Ash: 21,320 TI50 (cale. dag F): 0 W (/1) 1358

LINESTONE: CANTHELL g CaC03: D0.400 BATURAL GAS: Bta/1b
Wydrogen {0 N2/0 06):

Stoich air (¥ air/s K):

TEST PARMAETERS - COMBUSTOR FIRING CORFIGURATION:

Buration (nins): 15 Section: 10F 1 Tiee of Test:  11:19
FLOW RATES:
Cot! PC (3/hr) 1623.000 {5 (4/hr) Total Afr (8/hr) 20608644
Cerriar Afr PC (scfh)  12500.000 1§ Spiit (I/m) 100/% $tof Afr (8/hr)  11075.451
Cosbustion Air O (koph) 6,205 1 lortles —_— fess Air 68 (8/hr) 112,983
Nix Bustle Afr PC (kpph}  9.040 carr'r A/LS (scfh) 4.000 Total Coal (8/hr)  3243.000
goal N (3/hr) 1720.800 C.A, Prass {psig) GEdec Wzl Dia  0.275 Tota) Sas (B/hr)  26045.856
Carrier hir NC (sefh)  $1710.000 Kozzies (throat): 302 post 50 Cade 40
Cabn Air Sec Brar (kpph) 4,930 Injector (tube): §6.000 foal Split ML (3) 44980
/S Matlo 11} f Rilition,
STOICKIONETRIC AIR: (for Coal) 5.5 SCFN to 8/hr 0.078
STOICK. AIR: (1 air/8 tot fusl} 5.512 -7
PHE's: PO pht 0.4 Cing Cale (Dtu/sec)  210.680 Clag Meas (Mte/sec) 217.028 Flov #/sac 20,800
P pht .04 Total flow assemed equat ovar 411 0 circuits:
AL phi 1,04 FLUX (Btu/ft2-sac):
Overall phi at Sec. Irar 1,320 Al LI 1 1,080 B3 BAF 0.0 WSS 16U
BSSRS 110 RO SRS LM KT RCET 1000 MTAP 0068
ENZESIONS: .
At stack As ais. At 302 At Calc 83 02 /ity
0 ) §5.500
60 (ppm) 10,000 138,194 m.m
0 (pow) 245,900 34250 TR E ] 054
502 w/1S  (ppn) 264,900 241,548 N2 0.50
S0x w/o 1S (ppm), cale 481,846 IR 21,006
AIR TEMPERATURES (deg F): .
Afr Probaat Inlet 114,800 Proboat Outlat 40.0M isbimt TI.MG0
FLUE GAS TENPERATURES (deg F): WATORAL RAS IBMTS:
FG Afr Prabeat Inlst 110400 G Preheat Outlst 364.080 BoGus Mite/hr____ % of Tetdl Losd: WA
STEAMS (XPPH): boiler 1148 Flsh Tt 1,188 Total Steam  18.530
Prass. (psig): Botler 103.M0 Flash Tk 180.004
Teaps. (dg F): Jofler 330.M00 Flash Taak  330.080 Food X20 (deg F) 212.800

CONBUSTOR LOADS:  Coa! -~ Wdtw/hr 22,062  Cooling (Coa) ¢ M Gas) -3 4703 Cooling M0 Inlat (deg F) 340.000
fotl + N, Gas - WBtu/Ar  21.M2

RESULTS: Stean Gen EFf'cy (3) 050U Foa) to Stesn Flow Corr,  1.M4
boiler Efficiemcy () 04.830 & 502 Meduction 40345 Intrusion Air (0/hr) 104570

RENARKS:
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HEALY TESTS TEST SUNMARY ) Pes: ! Revision: 0
Bate: 6/19/91

TEST:  §59-THRT Bate  04/05/N

PURPOSE: IDENTIFY SUCCESSFUL OPERATING CONDITIONS FOR TOR COAL.

COAL:  Source: THG BULL RIDGE

Utinate Analysis Appiied

Composition (3) - Carbon: 43,500 Wydrogen:  3.410 Oxypen: 14,830 Nitrogen: 0760  Sulfur: .30
Joisture:  4.820  Ash: 31,320 TMS0 (cale. dep F): i H W (/) 1354
LINESTOME: CANTHELL 30003 W40 BATURAL GAS: 8tu/1b Stoich air (B air/8 W)
Tydroger (¥ ¥2/3 W):
TEST PARANETERS - CONBUSTOR FIRING CONFIGURATION:
Duration (ming): 1 Section: 10F 1 Tine of Test: 1048
FLO¥ RATES:
Cotl PC (#/hr) 1488, 000 1§ (3/hr) —_— Total Air (3/hr)  24523.044
Larriar hir BC (scfh)  12600.000 18 Spiit (I/M) 1M/0 Stod Afr (BN} 1748420
Combustion Air PC (kpph}  4.220 § bozzles Xess Air SB (8/hr) 7430350
Mix Sustie Afr PC {kpph)  4.410 Carr'r A/LS (3efh) 1. Total Conl (#/hr) 2472.008
toal NC (0/hr) 1603, 000 C.A, Prass (psig) Ede Mz0 Bia D375 Tota) Gas (4/hr)  25829.054
Carrier Air N {scfh}  21710.000 Mozzles (throat): 5 02 post S Cabn §.10
tabn Afr Sac Brar {kpph) 5,780 Injector {tabe): §0.900 foal Spiit pC {5} M6.M2
Ca/s Matio Wi s Btilization, §
STOICHIONETRIC AIR: (for Coal) 5.5 SCFH to #/0hr 000
STOICH. AIR: (4 air/# tot fve)) §.812 N
PHL's:  PCC phi .80 Clag Calc (Btu/sat)  $37.400 Clag Maus (Dte/sec) 370.333 Flow #/sec  28.800
PC phi 2.002 Tota) flow assumed oqual over a1l § circuits:
N phi 1. FLUX (Btu/ft2-sac):
Overs)) phi af Sec. Bear 1403 il 0.435 AL 1.060 83 IAF 1.1 M 18
B 1421 WS e NMKE 1 W N
ENISSIONS;
AL stack As mets, it 3302 At Cale 80 02 /ity
01 (%) .000
¢ (ppa) 105,000 126.000 106,001
Nx {ppa) 187,000 24,400 190.350 .44
50 wfLS  (ppe} b R 341,400 .44 014
S0x w/o LS (ppm}, calc 391,508 [ IR E M.
KIR TEMPERATURES (deg F):
Ar Preheat Intet 120.000 Prebaat Outiet 382.8000 it 1.
FLUE GAS TENPERATURES (deg F): RATWRAL QAS INPUTS:
6 AMr Prabeat Inlet 735000 S Probeat Outlet #01.080 L. S Wt/ % of Total Load: /A
STEANS (RPPH): Beilar 18,300 Fiash Tak 1,00 Tota) Stem 10420
Prass. {psig): Botler 190850 Flash Tark 113,00
Tenps. (¢g F): Baller 330.0M4 Flash Taat  330.008 Foad K20 (dog F) 212.080
COWBUSTOR LOADS:  Coal - WBte/hr  20.340  Cooling (Coa? + Mdas) - % §.142 Cooling W20 [nlet (deg F) 341,080
Coal + I, Gay - WBtu/hr 33,340 '
RESELTS: Stean Gen Eff'cy (3)  02.0%1 Feel to $tamm Flow Corr, (8]
Beilar Efficiency (8) 02,289 % $02 Reduction 14,714 Intrugion Afr ($/hr) 454,00
RERARIS:
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HEALY TESTS TEST SUNNARY i Pgs: | Revition: 0
Bate: §/18/41
TEST: 560-T0R8 bate 06/05/9¢
PURPOSE:  IDENTIFY SUCCESSFUL OPERATING COMDITIONS FOR THR COAL.
COAL:  Source: TO BULL RIDGE
Bitinate Analysis Applind
Conposition (8) - Carbom:  43.500 Nydrogen: 3,410 Oxypem: 14030 Mitrogen:  9.740  Selfur: 0,360
Moisture:  0.820  Ash: 27,320 1250 {calc. deg F): un Y (Dte/1h): 1358
LINESTORE: CANTHELL 2 Cabld: 90,400 BATURAL A5 Bta/1h steich air {§ air/t B6):
Uydrogen (9 52/8 ):
TEST PARANETERS - COMBLSTOR FIRING CONFIGURATION:
Buration (mins): 1] Saction: 10F 1 Tine of Tost:  th:1§
FLOV RATES:
tod) PC (M/hr) 1402.040 LS (8/hr) Total Air (B/hr)  HTRA.644
Carrinr Afr PC (scfh)  12500.000 L§ Split (1) 180/0 Stod Afr (K/hr)  11401.8612
Combustion Afr PC (kpph)  #.440 I bonzlns Xess Air 8D (3/hr) 138200
Kix Bestle Afr PC (kpph}  9.840 Sarr'r A/LS (sefh) ¢.600 Total Coal (/hr)  3157,090
Coal ¥ (1/br) 1675.000 C.A, Press (psig) Ede Mz) Dfe  0.375 Totsl Gas (4/hr) 20088152
Carrier AP NC (scfh}  21710.000 Kouzles (throst): 1 02 post 50 Cabe 5.8t
Cabr Air Sec Brar (kpph) K030 Injactor {tude): 0.0 Cond Sp1t PL(3) @04
a/S Ratio i Ca Utili2ation, %
STOICHIONETRIC AIR: (for Coal) 5512 SCFH to §/hr (N H]
STOIEH. ATR: {F air/¥ tot fuel) §.512 -
PHI's:  PCC phi 0,411 Clng Cale (Btu/sec)  205.000 Clag Meas (Btu/ssc) 220.472 Flow #/sac  20.300
bC phi .04 Tota! fiow essumed oqual over all § circyits:
WC phi 1.47¢ LUK (Bta/fLd-nas):
Overall phi at Sec. Brar 141 il 65 Nl .80 8} 0KF L83 M L6
B LM HSE L0 BTRCET LT BT -
ENTSSIONS:
M stack As oets. A0 At Cale 88 02 /ity
02 (1) §.190
€0 (pom) 19,000 04,220 195,178
R0x {pp) 170,000 HI R 175.90 8,315
§02 ¥/tS  (ppm) .00 W mm.m 074
§0u wfo S (ppm), cale  SN.TTY TR R
AIR TENPERATURES (deg F):
Air Prabaat Iniet 113,080 Prebest Ontlet 300084 Abiont  17.080
FLUE GAS TENPERATURES {deg F): RATIRAL GAS TIwUTS:
FG Air Prebeat Inlet 496.000 15 Probeat Outlet 412,004 Eofasmtu/ir______  3of Teta) Losd: WA
STEAXS (KPPH): boilar 18,40 Flash Tk 1210 Tote) Stess  10.5i0
Press. (psig): boiler 100,000 Flash Task  103.008
Toaps. (g F): Bilar 3H.M0 Flash Task 337484 Food 120 (deg F) 212.000
CORBUSTOR LOADS:  Coal - MBtu/hr  20.200  Cooliag (Coal ¢ M Gas) -8 5.200  Cooling 120 Inlat (deg F) 330.000
Conl & 0, Gas - WBtu/he 4300
RESOLTS: Stean Gen Eff'cy (8) 01005 Fee) to Stess Flow Corr.  0.00
boiler Efficlency (3) 82.301 % $02 Reduction 26.048 Intrusion Afr (07Ar) -200.36
REMARKS ;
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NEALY TESTS TEST SUMMARY 1 Pgs: H Revision: 8
Bute: §/29/11

TEST:  §41-TORY Bate  C4/08/%1

PURPOSE: IDENTIFY SUCCESSFUL OPERATING CONDITIONS FOR TBR COAL.

COAL:  Source: THO DULL RIDGE

Ult{nate Anxtysis Applied
foaposition (1) - Carbom: 43,500 Mydrogen:  2.410 Oxyser:  14.83¢ Mitregen:  B.T60 Salfur: .30
Fofsture:  0.020  Ash:  21.320 1250 (calc. dog F): un MY (Dte/1b): 1158

LIMESTORE: CANTWELL § Cat0d:  00.400 MATURAL GAS: Dtu/Tb Stotch air (8 air/2 W)

Hydrogen (§ K2/8 W)

————

TEST PARANETERS - COMBUSTOR FIRING CONFIGURATEON:

Duration {ains): T Section: 10F1 Ties of Tast:  14:18
FLOW RATES:
Coal ¢ (4/hr) 1804.000 1§ (4/hr) Totad Afr (4/he)  20380.044
Carrier Alr PC (scfh)  12500.000 LS split (I/W) 100/0 $tof Afr (#/hr)  17600.600
toabustion Air PC (kpph)  .520 i Rozzles Kess Afr 8B {8/hr) 4761.964
Wix Dustle Air BC (kpph)  0.105 Care'r ANLS (scfh) 0.0%0 Tota) Coa) (3/hr) 204,000
Cot] AC (/hr) 1700.000 C.A. Press (psig) Ede Wl Die  0.375 Total Gas (8/hr)  24897.311
Carrier Air NC (sefh)  21710.000 Nozzles (throat): S 02post S8 tabe 41K
Cabn Air Se¢ Brar (kpph}  3.530 Injecter (tubs): §0.000 Coal Split P (5}  40.941
Ca/s Matio i Ca Utilization, ¥
STOICHIONETRIC AIR: (For Coal) b3 STFH te 3/0r LR 1
STOICH. AIR: (8 air/8 tot fual) §.512 -
Ml's: Bl phd 8402 Clag Cale (Btu/sac)  262.040 Clag Meas (Bta/sec) 4S1.604 Flov ¢/sac  20.000
PC phi 2.0n Total flow asseasd squal over all § cirguits:
K phi 1.0 FLUX (Btu/fte-sec): ‘
Overail phi at Sec. brar 1.8 Ha 0.4 Rl w8 W LT WS um
B LN [ ] 1.0 UE t1H BT 00
ENTSSIOonS:
At stack As nets, A0 At Cale S8 02 1ty
5 (%) 5.700
to  (ppm) we.mt FTER YL ) Fri% )]
Mx (pow) 100 B 216,80 3N
$02 v/tS  (pom) 266.000 N "1 0.655
§0c vfe LS (ppm), cale  309.003 w1 (TR [}
AIR TEWPERATURES {dog F):
Afr Praheat Inlet 130.000 Preboat Outlet 200.1H Mbient T7.000
FLUE GAS TENPERATURES [deg F): MATIRAL GAS THMTS:
FG Afr Prehest Inlat 499,000 FG Prebaat Outlet 0.0 b, Sus Mte/hr 5 of Tota! Loas: N/A
STEANS (KPPH): Joller 15,150 Flash Tk 1.018 Teta) Sta;m 10,780
Prass. (psig): boiter 193.000 Flash Tk 183.084
Tesps. (dg F): Boiler 331.080 Flush Teak  331.080 Food H20 (dog F} 212.000

CONBUSTOR LOADS:  Conl - wibte/dr 20810 Comldng (Conl 4 W Gas) - % 6888 Cooling W20 Telet (deg F) 343.000
Ceal + 0. Gas - WiBte/hr 23,878

RESULTS: Stown Gen Eff'cy (8) #.40 Foa) to Steas Flow Corr.  1.204
fotler Efficiency (8) 46036 1 $02 Meduction 33.004 Intrusfon Air (#/hr) 21003

RENARKS :
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HEALY TE8TS TEST SUMMARY ¥ Pps: ? Reviston: §
Date: /19791

TE8T: S62-TER1O Dats  6/08/%1

PURPOSE: TOENTIFY SUCCESSFUL OPERATING CONDITIONS FOR TOR COAL.

COAL:  Sowrce: TWO BULL RIDGE
Oltimate Analysis Applied
Composition (3) - Carbon: 43,500 Mydropan:  3.410  Oxypen: 14,030 Nitrogen:  .140  Sulfur:  0.360
Boistyre: .00 Ash: 21,30 TS0 (cele. dog F): un Y (Bta/10}: 1358

LINESTONE: CARTWELL 50003 1400 BATURAL GAS: Bte/1b
Wydrogen {8 K2/0 )

TEST PARANETERS - CONBUSTOR FIRING CONFIGURATION:

Stolch air (4 air/d M):

Ouratien (mins): 1] Saction: S OF 1 Tioe of Test:  15:41
FLON JATES:
Cot) PC (8/hr) §192.000 LS (§/hr) — Total Air (3/br)  1T103.044
Carrier Alr P (scfh}  12500.000 L$ split (I/M) 1010/ Stof Afr (3/hr)  13905.152
fombustion Air PC (kpph)  §.470 0 Rezzles — Kess Afr SO (/b)) QU0.492
Nix Bustle Air PC (kpph)  5.910 taee'r A/LS (scfh) 0.000 fota] Coal (#/hr)  2630.000
Coal NG (3/hr) 1347.000 C.A Prass (psig) Gdc Mzl Die  0.375 Total Gas (8/hr)  19020.4%9
Carrier Afe NG (scfh) 21790000 Nozzlas (throat): % 02 post SB Caba .660
tubn Air Sec Bear fkpph) 28 Injactor {tabe): .00 toal Split PC {3) M4
o/ Metio 1) Ca gtilization, %
STOICHIONETRIC AIR: (for Coal) §.812 $CFH to #/hr .00
STOICH, AIR: (8 air/4 tot fuel) 5,512
PHI's:  PCC phi 1.09 Clng Cale (Btu/sac)  200.890 {lag Meas (Btu/sac) 342.270 Flov #/sac
PC phi 1930 Total flov essumed equal over 211 § circuits:
A phi 1.028 FLUX (Dta/ft2-sec):
Overa}) phi at Sec, Brnr 1228 HAl .51 §1 AL 0.4 3 WF 0780 B4 SRS
SESHS 150 BSRS  LSM BIPCET 11 MNP
ENISSI0NS:
At stack As mees. At 3802 At Cale 88 2 oty
02 (%) 5.4
0 (ppm) 169,000 202,201 .M
K (pom) 197.080 us.m Wiy 0345
802 w/LS  (oon) 05,000 H N Y FIN T [ {11
§0x w/o L§ (pem), calc 302,871 TIR¢ ] .41
KIR TENPERATHRES (deg F):
A7 Predest Inler 132080 Prehast Outiet 330000 Abioat 77,00
FLUE GAS TENPERATURES (deg F): BATIAL GAS TaPuTs:
F§ Adr Prabaat Inlet 572,060 5 Probect Outlet 354.000 8. Gas Wte/hr 8 of Total Load:
STEANS (KPPH); Boiler 13910 Flash Tank 1.0 Tota) Steam 44,130
Pross. (psig): Boiter 100.006 Flagh ek 103.000
Teazs. G4y Fi: foiter 330000 Flash Tk $30.080 Food M0 (dey P} 212.4W0

CONSUSTOR LOADS:  Coal - WBtu/hr 10,682  Cooling (Coal # MGas) -3 .50  Cooling k20 Inlet {dey F) 341.080
Coal # K. Gas - MBtu/hr  10.602

RESOLYS: Stomn Gen Eff'cy (3) 83.842 Foel to Stesm Flow Carr, 1,002
Boiler Efficlency (3) 03.052 3% 502 Msdactiom 21.7§) Intrusion Air (#/hr) 2765.28
TENARKS:

1.6
.38

Wi
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REALY TESTS TEST SUMNARY §Pgs: ? Ravision: 0
Date: §/19441

H31E §63-TBRY fate  O8/0T/%

PURPOSE:  IDENTIFY SUCCESSFUL OPERATING CONDITIONS FOR TBR COAL.

B0AL:  Source: TNO BULL XIDEE

Ultimate Analysis Applied
Composition (3) - Carbon:  d3.500 Nydroges:  3.410 Oxypen: 14,030 Bitrogen:  0.760  Selfur:  0.380
Moisture: 0020 Ash: 27,520 V250 (cale. dag F): ui MY (Btu/1b): 2]

LINESTONE: CAKTHELL 5 Celod: 90,400 BATURAL GAS: Bta/b
ysrogea (§ K2/ ):

Stofeh air (# 2ir/8 X6):

TEST PARARETERS - CONBUSTOR FTRING CONFIGURATION:

Duration (mins): H Saction: 1 OF ) Time of Test: &2
FLOW MATES:
~ toal B (4/hr) 1135400 1§ (3/hr) 1. Totad Ar (3/h7) 9978254
Carrier Air PC (sefh)  12500.000 1§ spiit (1/m) 10/0 Stoi Afr (0/hr)  13322.47%
Combustion Afr PC (kpph)  6.120 ¢ borzies —_— Xess Afr 5B (8/hr) 6450041
Nix Bustle Afr PG (kpph)  5.480 Care’r AJLS (scth)  0540.210 Total Coal (#/hr) 2417000
Coal NC (#/hr) 1282.000 C.A, Pross (psig)  Ede Wz Dfa 0,375 Total Sas (B/hr)  21575.904
Larrier Air MG (scfh)  21710.000 Bozzles (throat): £ 02 post 51 Cabe 4540
Cabn Air Sec Brar (kpph) 4340 Injector (tube): §0.000 Coal Split #C (3)  46.9%%
€a/S hatio .73 o Mtilization, § 1100
STOICHIOMETRIC AIR: {for Coxl) §.51 SCFH to 8/hr 0o
STOICH. AIR: (# air/s tot fue}) 5.512 _
PHI's:  PCE phi 1.1 Clag Cale (Btu/sec)  172.408 Clag Meas (Bte/sac) 308.511 Flow 9/sac  20.800
Pe phi 2.087 Tota! flov nssemed squel ovar a1l ¢ circaits:
KC phi 1,104 FLUX (Btu/ft2-sac):
Overtl) phi af Sec. Bear 1,430 i Al 1.5 0”AL 0024 01 W 0.780 M SKS 1.0
B 692 K 000 TMEET LT M 1
ERISSIONS:
At steck As aeas, At 2202 R Lesn 1ty
02 (%) 61
0 (ppo) 154,000 186185 148,552
Nox (pon) 191,000 0. 105.404 038
$02 /LS (ppw) 263.000 EIVR .40 (N1}
§0x wo L§ (ppw), calc  308.030 “.m M.
AIR TENPERATURES (deg F):
Afr Pradoat Inlet 124000 Prebaat Outiot 331.000 Mobiont T1.000
FLOE GAS TENPERATURES (dag F): BATVRAL SAS IWPUTS:
FG Afr Prabeat Inlot 589000 FR Probeat Sutlet 380.00% 5. Sas Wta/br g of Total Load: /A
STEANS (EPPH): foiler 15030 Flash Tk 1,100 Tote! Stamn 15,130
Prass. (psig): Boiler 102.000 Flash Taak  103.040
Toaps. {dy f): foilar 330000 Flubh Tt 3.8 Food W20 (dap F) R12.000

CONBUSTOR LOADS:  foa! - mbte/hr 10784  Caslinp (Coal + N Gus) - 8 (®1 Cocling K20 Dnlet (dop F) 342.000
Coal + M, Bas - MBte/Nr 11184

RESULTS: Stean Gen Eff'cy (3) 83,372 Fua) to Steam Flow Corr. 0.0
Boiler Effictency (3) $3.045 & 502 Redwction 22,312 Intrusion Alr (0fhr) -539.71

ws: _ Dwehne oducd with eond_as .F(w
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KEALY TESTS TEST SUMNARY ¥ Py ? Revision: 0
Bate: §/19/91

TEST:  §64-TER12 bate  06/07/81

PURPOSE: IDEATIFY SUCCESSFUL OPERATING CONDITIONS FOR TBA COAL.

COAL:  Source: TWO BULL RIDGE

Utinate Analysis Applied

Composition {3) - Cerbon: 43,500 Wydrogen:  3.410 Ouygen:  14.830 Ritrogen:  &.760 Suifur:  0.360
Moistere:  0.820 Ak 21320 T250 (cale. deg F): {3 Y (Btu/10): 1358
LINESTONE: CANTYELL ¥ Cal0l: 90,400 BATWRAL GAS: Dte/lh ____ Steichair (B air/O )
Mydrogan (§ W2/8 %6):
TEST PARANETERS - COMBUSTOR FIRING CONFIGURATION:
Buration (nins): “" faction: 10F1 Tins of Tast:  10:18
FLOY RATES:
Coal BC (3/hr) 1134.000 1$ (4/nr) 166,600 Total Afr (B/hr)  18764.52
Carrier Adr PC (scfh)  12600.000 1§ Split (Im) 18/0 stof Alr (8/hr)  13010.455
Conbustion Air PC (kpph}  5.045 § dozzles —_— Xess Air S0 (8/hr) 5482066
Nin Bustle afr o€ (kaph) 4,012 Carr’r A/LS (sefh)  9540.270 Total Cont (8/he)  2415,000
Coa) KC {8/hr) 1281,000 C.A. Press (psig) Ede M2t Dia  0.375 Total Gas ($/hr) 20804.058
Carrier Air XC (scfh)  21710.000 borzles (throat): ¥ 02 post 50 Cabn 5.
Cabe Air Sec Brar (kpph)  3.488 Injuctor (tubs): 50.000 Coa) Sphit PO (3} 46,937
C4/8 Ratio 654 Ca Gtiltzation, ¥ 5.5
STOICMIONETRIC ALR: (for Cosl) §.812 SCEK to dfhr 0.8
STOICH, AIR: (¥ afr/t tot fuel) 5.512 -
PHI's:  PCC phi 1,104 Clag Cale (Btufsec)  147.000 Clag Meas {Btu/sec) 230.056 Flov 9/sec  25.800
P phi 2.084 Tota] flow assused egual over 211 § circuits:
K phi 1,088 FLUR (Dtu/ft-sec):
Overail ohi at Sac, Brar 1,388 LAl T aul AU 1 01 M LW
BESRS  BTO3 MRS RN MTRCET LMD BT 0454
ENTSSIONS:
At stack As onas, At 0 M tels 80 02 st
02 (%) 6.400
0 (ppw) 4500 .00 .36
0x  (ppn) 181,000 2,240 141.260 0.3
502 /LS (ppm) 259,000 2.8 m. 6.
$0x w/o LS {ppa), cale 375,15 #1.7H TR
AIN TENPERATURES (deg F):
Afr Prabeat Intet 124,000 Prebaat Outlet 357.080 abint 1704
FLUE GAS TENPERATURES (deg F): WATORAL GAS TmeyTS:
F Afr Probeat Inlet §43.900 1R Probeat Owtlet 372.004 NoGas WBta/br______  %of Total Load: A/A
STEANS (KPPYH): Boiler 13,800 Flsh Tk 020 Teta) Stem 4.5
Press. {psig): Botler 143.040 Flash Taak  103.000
Tonps. (&g F): Joiler 335.080 Flash Teat  336.000 Food 120 (dog F) 212.080
COMRUSTOR LOADS:  Coal - mlta/br 11176 Cooling (Coal + D Gas) - %  &.481  Coeoling K20 Inlet (deg F) 340.000
Coal + M. Gas - Wdta/hr {1,710 ’
RESULTS: Stean Gen Eff'cy (3) 82912 Fual to Stasm Flow forr, 0.9%
Bofler Efficioncy (3) 82,088 8 80 Reduction 34.711 Intresion Air {3/hr) 1100.13

NENANSS: _Mm_m&_ué_u_&n%_w
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APPENDIX C. LIST OF EQUATIONS



List of Equations:
t. Coal Weight = (coal flowrate)(.75%20+(duration-20))/60
(assumes 75% load for first 20 minutes)
2. Solids Balance
= Output/Input * 100

Output = (slag wt)x(slag ash/100)s(1-s1ag ash S03/100) +
(flyash wt)x(flyash ash/100)*(1-f1yash ash S03/100)

Input = (coal wt)x{coal ash/100)*(1~-coal ash S03/100) +
(1imestone flow)*duration/60%((CaC03/100)*MW(Cal)/
MW(CaC03)+(1-CaC03/100)*MW{Mg0) /MW(MgC03))

3. Slag Recovery
= (slag wt)x(slag ash/100)x(1-slag ash S03/100)/
(coal wt)x(coal ash/100)*(1-coal ash S03/100) *100
4, Carbon Conversion
= (1t - losses/input} * 100

Losses = (slag wt)x(slag carbon/100) + (flyash wt)s(flyash
carbon/100)

Input = (coal wt)s(coal carbon/100)

5. Calcium Balance
= Output/Input * 100

Output = (slag wt)*(slag Ca0/100)sMW(Ca)/MW(Cad)+
(flyash wt)*(flyash Ca/100)

Input = (coal wt)s(coal CaD/100)=xMW(Ca)/MW(Ca0) +

(1imestone fliowrate):xduration/80%{CaC03/100)*MwW(Ca)/
Mw(CcaC03)

6. PCC Phi = (PC coal carrier air + PCCA)/(PC coal % (A/F)o)
where (A/F)o is the stoichiometric air to fuel ratio

7. PC Phi = (PC coal carrier air + PCCA + PCMB)/(PC coal %
(A/F)o)

c1



8. MC Phi = (coal carrier airs + PCCA + PCMB)/(PC & MC coals
(A/F)o)

9. SB Phi = (coal carrier airs + PCCA + PCMB + SBCA)/
(PC & MC coals * (A/F)o)

10. Ca/S = (limestone flow)*(CaC03/100)/MW(CaC03)/
((PC & MC coals)x(S/100)/MW(S))

11. Total Air = PC & MC coal carrier air + PCCA + PCMB + SBCA +
Limestone carrier air

12. Stoichiometric air = (PC & MC coal)*(A/Flo

13. Total gas flow = Total air + total ash free coal +
(1s flow)x(CaC03/100)%.44
+ (1s flow)*(1-CaC03/100)%.52
(out secondary burner)

Total gas out stack = (stoic. air + total ash free coal +
(1s flow)x(CaCO3/100)s.44 +
(s flow)*(1-CaC03/100)%,.52)
x(.233/(.233-stack 02/100xMW(02)/MW(gas)))
(out stack)

14, Excess air = Total air - stoichiometric air
(out secondary burner)

Excess air out stack = (stoic. air + total ash free coal +
(1s flow)x(CaC03/100)x 44 +
(1s flow)*(1-CaC03/100)%.52)
*{stack 02/100)%Mw(02)/MW(gas)/
(.233-stack 02/100xMW(02)/MW(gas))
{out stack)

15. Intrusion air = Excess air out stack - Excess air (out
secondary burner)

16. %SB 02 = (excess air)x,.233/MW(02)/((total gas)/MW(gas))*100

17. S02 @ 3% 02 = S02(meas.)*(21-3)/(21-stack 02(meas.))

18. SO2 @ SB 02 = SO2(meas.)*(21-SB 02)/(21-stack 02(meas.))
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19.

20.

S02 (#/MMbtu) = (S02 @ SB 02)/1e6sMW(S02)/MN(gas)*

(total gas)/load

(NOx @ SB 02)/1e6:MW(NO2)/MW(gas)*
(total gas)/load

NOx (#/MMbtu)

21, 802 w/o LS = (total coal)*(xS/100)/MW(S)*1e6/
((total out stack)}/Mw(gas))
22. S02 capture = (802 @ SB{w/0 18)-502 @ SB(w/1s))/
(802 @ SB(w/0 18))3100
23, Ca utilization = S02 capture/(Ca/s)
24, Cooling load = flash tank steam/Joad/1e8*1010%100
A-B-D-E~-F-G
25, Boiler Efficiency = t 100
A-B-~-C
where A - hhv:(1-cooling load/100) thermal load minus
heat to cooling water
8 ~ ash/100x,75%,2%(T250~-T7) slag heating
¢ - limestone/coals 58%1385 1imestone calcination
D - (9H+H20)/100%(1100+0.46% sensible heat of
(flue gas preheat - 77)) moisture
E -~ .253(flue gas preheat - 77)s sensible heat of
({21*(A/F)o/(21-stack 02/100)) flue gas
+ 1t + .44%(1imestone/coal) -
ash/%00)
F - ash/100%(1-.758)%,2% sensible heat of
" (fiue gas preheat - 77) in flight ash particles
G - limestone/coalsx, 56% sensible heat of 1s
(1385 + .2 plus calcination
(fiue gas preheat - 77))
26. Fuel to Steam Corr. =

total coalx(hhv-Xash/100%.75%.2%(T250~77)-LS/total coalx775.6)

(boiler steam/boiler efficiency + flash tank steam)s(1190-180)

c3



27. Calcination level = Cad + CaS04%56/ {2k

* 100
Ca0 + CaS04*56/136 + CaC03%56/100

Ca



APPENDIX D. DAMPER CONFIGURATIONS PER TEST



Explanation of Figure D1 and Table D1.

Figure D1 shows the damper configuration at the exit of the
precombustor, Damper A 1is the damper downstream of the main
combustor’s head end. Dampers A and B can be adjusted
independently, in terms of length or stroke. The 30 degree angle
is a fixed angle in which the dampers are positioned. The fully
closed position shown in Figure D1 is when the dampers are both
pushed 1in as far as they are designed to go. The width of the
filow path in this damper configuratton 18 5 1inches (0%
position). The fully open position shown in Figure D1 is when
the dampers are both pulled out as far as they are designed to
go. The width of the flow path in this damper configuration is
25 jnches (100% position).

Table 01 shows the damper configurations used in sach test with
the performance coal and the Two Bull Ridge coal. The
corresponding flow areas have been calculated and are also given
in Table D1. Furthermore, DCS precombustor exit temperatures and
valocitias are also given in Table Dt., Thase values, however,
are incorrect mainly because the DCS temperatures were determined
utilizing ©Ohic c¢oal properties. Also, the DCS temperatures
assumed 100X carbon utilization in the precombustor, which is
thought to be incorrect. Oxidation of the char remaining in the
precombustor after devolatilization +is assumed to be delayed
until reaching the main combustor. Corrections have thus been
made for this as well as the utilization of Healy coal properties
in the calculations. The last two c¢olumns in Table D1 gives the
corrected precombustor exit velocities and temperatures for the
Healy tests.



Fully Open

T
%__ : . 10" _ . }k 5" *
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Combustor
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Height is 10"

Figure D1. Damper Configurations

D1



Table D1. Damper Configurations Per Test

-------

HEALY DMPER AREA COAL COAL LOAD COAL PCCA POND PG A/F 005 OGS CALC CALC
TESTS PLS. PN MNOTY SPLLT GRR PC VEL ENIT TENP VEL
MBS 2O MR MRS KPPROXPPR /R FI/SOEG F DEGF FI/S
M- 225 0.0 956 1858 20.0 A0 40 445 N0 102 3 w60 2 %
0-H13-1 0750 105 930 1522 100 360 480 600 950 126 265 2020 2000 1M
A00-H13-2  BS/65 126 108 1513 20.2 0.1 620 LT 050 138 263 246 150 183
NN S0/00 LB 1200 193 240 LS 3D 95 40 142 25 2D 10 2
02011 85/65 155 1200 1980 200 38 620 020 950 13T ST 200 70 18
G4-HEED B5/65 126 1200 2048 2.9 3.0 .50 853 950 104 22 230 128 1N
G515 BO/60 .20 1192 1920 209 3.3 B8O LT 950 12.4 302 1180 2050 222
A6-HIE  S0/S0 160 TS 2220 200 B 2N 1025 050 12,4 06 296 S0 224
IR 8080 150 1D 2008 0 33 RAT M6 9D 120 3 AWID M0 20
08-R10 80/80 150 1272 2561 0.6 3.2 6.8 1143 950 147 308 2412 TR0 2%
SO0-#20  GO/60 .20 1000 1496 1.9 0.0 B0 650 %0 106 5T 22 NN 1w
S01-H21  TS/T5 140 MO 1861 2.0 W0 B0 L6 90 13 252 b 2050
S02-h22  ES/65 126 0TI 65 1.5 30 479 7.5 950 104 261 22 190 14
S3-K20 G565 0.2 911 HI2 166 LY A8 TG 950 10D B MES b 1M
SR 35735 082 954 1541 20,0 30 500 738 90 141 332 2500 WE0 24
S05-H25  25/25 070 190 164 19.0 3.2 5.3 148 450 1.0 81 M W0 2
SOT-R21 0/ 0.7 1060 1331 19.9 46.6 6,30 5.5 950 109 401 S0 2200 2%
SO8-R28  0/50 013 1060 1332 199 6.6 612 5.J2 950 1.0 421 3000 2200 309
S0-28  O/S0 013 1158 30 200 466 645 503 950 14 44 3000 68 3
S10-030  0/50 073 162 1332 108 466 640 695 950 106 443 2006 2150 318
SR 0/50 0.7 1T 1342 20,0 4.5 606 570 950 11,0 420 000 2200 308
§I-M2 /S0 073 1180 1335 098 465 5.6 5.6 950 106 403 2000 250 32
SU-H30 0/50 0.7 1155 1330 M9 465 504 B0 950 106 406 3000 2280 305
BHIE 050 003 1T M4 201 465 596 B.4B 050 0.6 401 1000 2260 30
§0-K35 0/S0 0.7 17T 1366 20.0 465 6.45 .00 950 113 428 3000 250 307
5036 0/50 0.7 160 13T 1.9 465 605 5.2 950 101 422 300 200 308
§$6-MT B/50 0.7 1166 1064 200 465 63T S84 950 103 422 3000 2160 302
1-18 0/50 0.3 1156 133F 08 465 638 800 950 1L 43 2096 2180 309
IR0 050 03 IR 61 2.0 465 608 801 %50 1.2 M 300 BN W
B0-M0 /70 12 1165 032 20,0 465 610 593 950 101 326 3000 2000 29
S0-461 0/30 073 119 1381 0.3 465 820 6.00 950 11.2 425 3000 2200 310
S3-M2 /S0 0.3 1166 A0S 0.0 465 622 6. 450 102 420 3000 200 N0
G-03 /50 0.3 1156 1220 LA W65 636 60T 950 105 420 276 210 304
SR OS5 66 1950 1330 108 466 600 G608 950 112 415 I6 280 30
SU-MS /70 0.0 11130 20,0 465 600 6.5 950 10.0 374 3000 2200 2N
B5-H46  60/100 14T 1165 1342 0.0 465 BTS S.44 060 0.4 205 300 2280 176
§6-MT /80 096 1150 130 18 LS 641 .00 050 104 361 2000 150 269
G100 050 LG THT 13 1T 66 630 600 050 10T 36 4 S0 250
S3-850  20/100 123 1150 NM 1.0 MLE 626 ST2 N8 1.2 M0 M UM
SO-HST 100100 174 116 1348 201 465 RA1 605 050 112 200 3000 2080 163
BO-HS2100/100 174 ST 1360 20,0 866 691 6.2 050 102 207 3000 2200 152
SU-HST GO/80 120 1160 1330 LA MRS G667 00 ILE 20 2T6 NS0 215
SU-HS4 0750 105 1143 13T MG 65 615 565 950 11,2 26 3000 2200 217
SGSE T0/10 L0 TMT 10 107 465 620 S8 M0 1LS 20 000 2160 2
SSHSE O/T5 04 T IME 0T 46 020 6.6 960 114 340 2000 2150 280
SHST /50 QT3 13 1352 202 AR B8 K05 950 0.9 422 3000 2200 309
WSRO/ DT OISE 1) MG MRS B3 RO M0 L4 40 M 1S 30
SUEHSS 050 073 1154 1320 19.0 45 620 505 950 103 426 3000 2150 304
SUHE0 /S5 006 1160 10 06 @65 S5 500 50 L2 401 2000 2200 2M
SH0-H61 050 0.73 1168 1344 209 405 B0 6.0 950 L6 4T a1 210 323
BI-NS2  0/50 003 153 1327 168 465 6.4 605 950 1.4 425 2000 2150 308
S50-H63  W/50 008 1M 06 105 6.5 LM 6.2 N0 10 N 25 80 oM

D2



HEALY
TESTS

L P

§53-TBR1
554-TR?
§55-TOR)
550-TOR4
§51-TORS
§58-THR6
§$5§-TRT
§60-TBRE
§61-TER9
§62-TBR10
§63-TOR1?
584-TBR12

DAMPER AREA COAL COAL LOAD COAL PCCA PCNE  PC A/F DCS OGS CALC CALC
pas. PC NG WmBTY SPLIT CARR  PC VEL EXIT TENP VYEL
AR, FTZ B/HR B/MR /HR X KPRR NPPH /MR FI/SOEG F DEG F FT/8

0750 073 679 1060 12,8 300 402 231 950 10.8 230 2092 2000 454

0/50  O.73 1060 1658 20.0 3.0 479 620 950 1.3 373 50 1950 254

0750 073 1600 1855 25.4 46,3 6,00 555 950 1.8 420 000 B0 343

0/50 .13 1480 1674 232 6.8 B2 0.7 950 1.4 408 01 1950 34T

015 084 174 1668 230 469 616 960 950 903 4B 2024 1950 313

075 0.8 1523 1120 2% 40 621 A% 90 112 WS 24 150 A

100/100 1.74 1489 1603 23.3 469 622 .91 950 115 259 2800 1950 980

100/100 174 1482 1675 232 469 649 046 956 1.5 250 2002 1950 18D

100/100 1.74 1504 1700 23.6 469 052 011 BS0 114 270 2900 1950 12

050 073 192 13T BT WL 58T 591 950 10T 47 2984 2000 9

0750 073 113F 1282 1.0 4.0 612 690 950 115 423 M6 1060 M

0/50 073 MM 128 118 4.0 505 600 BED 104 4ty 279 1860 24

D3



APPENDIX E. CALCINATION DATA



Explanation of Tables E1 to E3.

The following Tables were constructed by NIRO. Their variables
were defined as follows.

Ca (wtX%) =~ is the weight percent of calcium in the FCM sample.
This was determined by treatment in HCL followed by atomic
absorption.

€02 (wtX) - 1s the carbon djoxide released due to decomposition
of carbonate in excess HCL. The €02 is measured by absorption on
Ascarite (weight difference in absorbent determines content).

S04 (wtX) - is determined by treatment with HCL followed by 1ion
chromotograph. The 804 content is utilized to determine the
amount of CaS04 in the FCM.

Cal (wtX¥) - is the calcium oxide in the FCM. This was determined
by titration with an HCL standard.

Ca-diff - tells something about how much Ca is bound as non-
reactive Ca0.

= Ca - (CO2%40/44 + 504340/96 + CaD*40/56)

HCL Insol. (wtX) - is the weight percent of insolubles in the HCL
solution.

Flyash (wtX) - amount of flyash in the FCM,
(wtX HCL Insol. in FCM)

I —-—-—-—-—- ¥ 100
{wtx HCL Insol. in avg. Flyash)

Ca0 (wtx) without flyash - amount of Ca0 in FCM contributed by
limestone.

= Ca0 in FCM - Ca0 in avg. Flyash = (flyashx/100)

Cac03 (wt¥) without flyash - amount of CaC03 in FCM contributed
by limestone.

= CaC03 in FCM - CaCO3 in avg. Flyash % (flyashx/100)

Casod4 (wt%) without flyash - amount of CaS04 in FCM contributed
by limestone.

= CaS04 in FCM ~ CaS04 1in avg. Flyash * (flyashx/100)

E1
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